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U.S. Patent No.: 5,795,865 
sued: August 18, 1998 
Inventors: William Markland and Robert , 

Charles Ladner ' • 

Assignee: Dyax Corp. , ' 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
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CERTIFICATE OF EXPRESS MAILING UNDER 37 CF.R. $1.10 

The undersigned hereby certifies that this document was deposited with the U.S. Postal Service on 
January 1 1, 2010 for express mailing in accordance "with §L6(a)(2). _ 

Laurie Butler Lawrence, Reg. No. 46,593 



Mail Stop Patent Ext, 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 



Applicant, Dyax Corp., represents that it is the Assignee of the entire interest in 
and to United States Patent No. 5,795,865 granted to Dyax Corp. on the 18th day of 
August 1998, for 'Kallikrein-inhibiting "kunitz domain" proteins and analogues thereof 
by virtue of an assignment from William Markland and Robert Charles Ladner to Protein 
Engineering Corporation, recorded in the U.S. Patent and Trademark Office at Reel 
008151, Frame 0915, on September 25, 1996, and from Protein Engineering Corporation 
to Dyax Corp., recorded in the U.S. Patent and Trademark Office at Reel 008535, Frame 
0123, on June 4, 1997. The assignment from William Markland and Robert Charles 
Ladner to Protein Engineering Corporation was re-recorded in the U.S. Patent and 
Trademark Office at Reel 019353, Frame 0204, on May 30, 2007. The assignment from 
Protein Engineering Corporation to Dyax Corp. was re-recorded in the U.S. Patent and 
Trademark Office at Reel 019353, Frame 0229, on May 30, 2007. 
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By the Power of Attorney enclosed herein (Attachment A), Applicant has 



In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/I0280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

appointed several individual attorneys, including Laurie Butler Lawrence, as attorneys for 
Dyax Corp. with regard to this application for extension of the term of U.S. Patent No. 
5,795,865 and to transact all business in the U.S. Patent and Trademark Office in 
connection therewith. 

Dyax Corp. is the holder of the regulatory approval granted with respect to the 
regulatory review period relied on herein. 
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In re U.S. Patent No.: 5,795,865 . Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



Information Required Under 37 C.F.R. S 1.740 

Applicant hereby submits this application for extension of the patent term under 
35 U.S.C. § 156 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office (37 C.F.R. § 1.740). For the 
convenience of the Patent and Trademark Office, the information contained in this 
application will be presented herein in a format which follows the order of the 
requirements of Section 1.740 of Title 37 of the Code of Federal Regulations. 



(1) Identification of the Approved Product [1.740(a)(1)] 

The approved product is KALBITOR® (ecallantide). Ecallantide is a 
recombinant 60 amino acid plasma kallikrein inhibiting protein produced in Pichia 
pastoris cells. KALBITOR® is supplied as a sterile, clear, colorless liquid which is free 
of preservatives for subcutaneous administration. The approved product is described in 
more detail in the package insert, enclosed herein as Attachment B. The amino acid 
sequence of ecallantide (see SEQ ID NO: 2 of U.S. Patent No. 7,276,480, provided as 
Attachment C) is as follows: 

Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys 

15 10 15 

Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys 

20 25 30 

Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu 

35 40 45 

Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 60 
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Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: DyaxCorp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

(2) Federal Statute Governing Regulatory Approval of the Approved 
Product [1.740(a)(2)] 

The approved product, KALBITOR®, was subject to regulatory review under 
§ 505(i) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355(i)) and § 351(a) 
of the Public Health Service Act (42 U.S.C. § 262(a)). 

(3) Date of Approval for Commercial Marketing [1.740(a)(3)] 

The approved product, KALBITOR®, received permission for commercial 
marketing or use under Section 351 (a) of the Public Health Service Act on December 1, 
2009. A copy of the FDA letter issuing Biologies License No. 1789 is attached 
(Attachment D). 

(4) Identification of Active Ingredient and Certifications Related to 
Commercial Marketing of Approved Product [1.740(a)(4)] 

The only active ingredient in KALBITOR® is ecallantide which, on information 
and belief, has not been approved for commercial marketing or use under the Public 
Health Service Act, the Virus-Serum-Toxin Act or the Federal Food, Drug and Cosmetic 
Act prior to the issuance of Biologies License No. 1789 by the Food and Drug 
Administration on December 1, 2009. A copy of the package insert describing the 
approved product is attached (Attachment B). 

(5) Statement Regarding Timeliness of Submission of Patent Term 
Extension Request [1.740(a)(5)] 

This application for extension of patent term under 35 U.S.C. § 156 is being 
submitted within the permitted 60-day period pursuant to 37 C.F.R. § 1.720(f). The last 
day on which this application can be submitted is January 29, 2010. 

4 

992837 



In re U.S. Patent No.: 5,795,865 



Attorney Docket No.: D2033-7060US/10280-096US1 



Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



(6) Complete Identification of the Patent for Which Extension Is Being 
Sought [1.740(a)(6)] 

The complete identification of the patent for which a term extension is being 
sought is as follows: 



Inventors: 



William Markland and Robert Charles Ladner 



Issue Date: 



Patent No.: 



Filing Date: 



Expiration Date: 



5,795,865 

PCT filed January 11, 1995 
August 18, 1998 
August 18, 2015 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIB ITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

(7) Copies of the Patent for Which an Extension is Being Sought 
[1.740(a)(7)] 

A copy of U.S. Patent No.: 5,795,865 is provided as Attachment E. 

(8) Copies of Disclaimers, Certificates of Correction, Receipt of 
Maintenance Fee Payments, or Reexamination Certificate [1.740(a)(8)] 

(a) U.S. Patent No.: 5,795,865 was subject to a terminal disclaimer over any 
patent granted on U.S. Application Serial No.: 08/208,264, filed March 10, 1994. (See 
Attachment F); 

(b) A Certificate of Correction was entered for U.S. Patent No.: 5,795,865. A 
copy of a Certificate of Correction and a Notice Regarding Request for Certificate of 
Correction is attached (Attachment G); 

(c) The first maintenance fee for U.S. Patent No.: 5,795,865, due August 19, 
2002, was paid. The second maintenance fee, due August 18, 2006, was paid. A copy of 
a record of maintenance fee payments under 35 U.S.C. § 41(b) is attached (Attachment 
H). The next maintenance fee will be due August 18, 2010. 

(d) U.S. Patent No.: 5,795,865 has not been the subject of a reexamination 
proceeding. 

(9) Statement Regarding Patent Claims Relative to Approved Product 
[1.740(a)(9)] 

(a) The following claims of U.S. Patent No. 5,795,865 claim the approved product, 
KALBITOR® (ecallantide), or a method of using the approved product: claims 1, 2, 5, 6 
and 7. 

(b) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9), the following 
explanation is provided which shows that the above listed claims of U.S. Patent No. 
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Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

5,795,865 claim the approved product, KALBITOR® (ecallantide) or an approved 
method for using KALBITOR® (ecallantide). 

(1) Description of the approved product and its approved method of use 

The approved product is described as follows in the package insert for 
KALBITOR®, a copy of which is provided as Attachment B: "KALBITOR is a potent 
(Ki = 25 pM), selective, reversible inhibitor of plasma kallikrein." 

The amino acid sequence of ecallantide (see SEQ ID NO: 2 of U.S. Patent No. 
7,276,480, provided as Attachment C) is as follows: 



Glu 


Ala 


Met 


His 


Ser 


Phe 


Cys 


Ala 


Phe 


Lys 


Ala 


Asp 


Asp 


Gly 


Pro 


Cys 


1 








5 










10 










15 




Arg 


Ala 


Ala 


His 


Pro 


Arg 


Trp 


Phe 


Phe 


Asn 


He 


Phe 


Thr 


Arg 


Gin 


Cys 








20 










25 










30 






Glu 


Glu 


Phe 


He 


Tyr 


Gly 


Gly 


Cys 


Glu 


Gly 


Asn 


Gin 


Asn 


Arg 


Phe 


Glu 






35 










40 










45 








Ser 


Leu 


Glu 


Glu 


Cys 


Lys 


Lys 


Met 


Cys 


Thr 


Arg 


Asp 











50 55 60 



A portion of the amino acid sequence of ecallantide, beginning with the Met at 
residue 3 of the ecallantide amino acid sequence provided above, is a non-naturally 
occurring Kunitz domain obtained by semi-random mutagenesis of a naturally occurring 
Kunitz domain, see U.S. Patent No. 7,206,480 (Attachment C). 

KALBITOR® is approved for the treatment of acute attacks of hereditary 

angioedema (HAE) in patients. Hereditary angioedema is described in the package insert 

for KALBITOR® as follows: 

Hereditary angioedema (HAE) is a rare genetic disorder caused by 
mutations to Cl-esterase-inhibitor (Cl-INH) located on chromosome 1 lq 
and inherited as an autosomal dominant trait. HAE is characterized by 
low levels of Cl-INH activity and low levels of C4. Cl-INH functions to 
regulate the activation of the complement and intrinsic coagulation 
(contact system pathway) and is a major endogenous inhibitor of plasma 
kallikrein. The kallikrein -kinin system is a complex proteolytic cascade 

7 
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involved in both the initiation of both inflammatory and coagulation 
pathways. One critical aspect of this pathway is the conversion of High 
Molecular Weight (HMW) kininogen to bradykinin by protease plasma 
kallikrein. In HAE, normal regulation of plasma kallikrein activity and 
the classical complement cascade is therefore not present. During attacks, 
unregulated activity of plasma kallikrein results in excessive bradykinin 
generation. Brandykinin is a vasodilator which is thought by some to be 
responsible for the characteristic HAE symptoms of localized swelling, 
inflammation, and pain. 

(2) Description of claims 1, 2, 5, 6 and 7 and comparison to the active 
ingredient of KALBITOR® and its approved method of use 

The following description demonstrates the manner in which at least one claim of 
U.S. Patent No. 5,795,865 reads on the approved product and at least one claim of U.S. 
Patent No. 5,795,865 reads on a method of using approved product. 

As will be seen in the discussion below, certain claims of U.S. Patent No. 
5,795,865, refer to the amino acid sequence numbering system of bovine pancreatic 
trypsin inhibitor (BPTI). An alignment of the relevant portion of the amino acid 
sequence of ecallantide with the amino acid sequence of bovine pancreatic trypsin 
inhibitor (BPTI) (as shown in Table 2 of U.S. Patent No.: 5,795,865, see Attachment E) 
is provided in Attachment I. 

(c) Claim 1 of U.S. Patent No. 5,795,865 reads on the approved product. Claim 1 
is set out in the left hand column of the table immediately below. The approved product 
is described in the right hand column and compared with the claim. As is shown, the 
approved product meets all of the limitations of the claim and the claim covers the 
approved product. 
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Claim 1 




KALBITOR® (ecallantide) 




A kallikrein inhibiting protein which comprises a 
non-naturally occurring Kunitz domain, wherein, 
at each of the residues of said domain 
corresponaing to ine oeiow laeniniea residues oi 
BPTI, one of the following allowed amino acids is 
found: 




A "kallikrein inhibiting protein" is defined 
at column 4, lines 38-40 of U.S. Patent No. 
5,795,865 as "one that binds and inhibits a 
speciiiea KauiKrein witn ivj oi aDout zunM 
or less." Ecallantide meets this limitation as 
it binds to and inhibits plasma kallikrein 
wnn a ivj or z j pivi. ^/\uacnmeni d ). 

Ecallantide comprises a non-naturally 

UlslsUIllIlg JVU.111 L/L, U.UX11C11I1, i»CC oCL/IXUII 

(9)(b)(l) above. 

As is discussed below, ecallantide meets 
each of the sequence limitations of the 
claim: 




BPTI 
Residue # 


Allowed Amino Acid 








10 


Asp, Glu, Ala, Gly, Ser, Thr 




The amino acid residue in ecallantide which 
corresponds to this position is Asp, thus this 
limitation of the claim is met. 




11 


Asp, Gly, Ser, Val, Glu, Leu, Met, 
Asn, He, Ala, Thr 




The amino acid residue in ecallantide which 
corresponds to this position is Asp, thus this 
limitation of the claim is met. 




12 


Gly, and, if residue 14 or 38 is not 
Cys, any conservative or semi- 
conservative substitution for a 
"normal 11 conformation Gly 
as defined in Table 9 




The amino acid residue in ecallantide which 
corresponds to this position is Gly, thus this 
limitation of the claim is met. 




13 


Arg, His, Pro, Asn, Ser, Thr, Ala, 
Gly, Lys, Gin 




The amino acid residue in ecallantide which 
corresponds to this position is Pro, thus this 
limitation of the claim is met. 




14 


Cys, and, if residue 38 is not Cys, 
any conservative or semi- 




The amino acid residue in ecallantide which 
corresponds to this position is Cys, thus this 



9 
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V^UlloCl VaLl VC oUUolllULlUll lUl V-^yb 




iimiidLion oi me ciaim is mei. 




15 


Arg, Lys, Ala, Ser, Gly, Met, Asn, 
Gin 




The amino acid residue in ecallantide which 
corresponds to this position is Arg, thus this 
limitation of the claim is met. 




16 


Ala, Gly, Ser, Asp, Asn 




The amino acid residue in ecallantide which 
corresponds to this position is Ala, thus this 
limitation of the claim is met. 




17 


Ala, Asn, Ser, He, Gly, Val, Gin, 

Thr 
i in 




The amino acid residue in ecallantide which 
corresponds xo mis position is Aia, tnus tnis 
limitation of the claim is met. 




18 


His, Leu, Gin, Ala 




The amino acid residue in ecallantide which 
corresponds to this position is His, thus this 
limitation of the claim is met. 




19 


Pro, Gin, Leu, Asn, He 




The amino acid residue in ecallantide which 
corresponds to this position is Pro, thus this 
limitation of the claim is met. 




20 


Arg, Leu, Ala, Ser, Lys, Gin, Val 




The amino acid residue in ecallantide which 
corresponds to this position is Arg, thus this 
limitation of the claim is met. 




21 


Trp, Phe, Tyr, His, He 




The amino acid residue in ecallantide which 
corresponds to this position is Trp, thus this 
limitation of the claim is met. 




31 


Glu, Asp, Gin, Asn, Ser, Ala, Val, 
Leu, He, Thr 




The amino acid residue in ecallantide which 
corresponds to this position is Glu, thus this 
limitation of the claim is met. 




32 


Glu, Gin, Asp, Asn, Pro, Thr, Leu, 
Ser, Ala, Gly, Val 




The amino acid residue in ecallantide which 
corresponds to this position is Glu, thus this 
limitation of the claim is met. 




33 


Phe, Tyr 




The amino acid residue in ecallantide which 
corresponds to this position is Phe, thus this 
limitation of the claim is met. 




34 


Ser, Thr, He, Val, Ala, Asn, Gly, 
Leu 




The amino acid residue in ecallantide which 
corresponds to this position is He, thus this 
limitation of the claim is met. 




35 


Tyr, Trp, Phe 




The amino acid residue in ecallantide which 
corresponds to this position is Tyr, thus this 
limitation of the claim is met. 




36 


Gly, Ser, Ala 




The amino acid residue in ecallantide which 
corresponds to this position is Gly, thus this 
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limitation of the claim is met 




37 


Gly, and, if residue 14 or 38 
is not Cys, any conservative or 
semi-conservative substitution for a 
"normal" conformation Gly 
as defined in Table 9 




The amino acid residue in ecallantide which 
corresponds to this position is Gly, thus this 
limitation of the claim is met. 




38 


Cys, and, if residue 14 is not Cys, 
any conservative or semi- 
conservative substitution for Cys 




The amino acid residue in ecallantide which 
corresponds to this position is Cys, thus this 
limitation of the claim is met. 




39 


Gly, Glu, Ala, Ser, Asp. 




The amino acid residue in ecallantide which 
corresponds to this position is Glu, thus this 
limitation of the claim is met. 



(d) Claim 2 of U.S. Patent No. 5,795,865 reads on the approved use of the 
approved product. Claim 2 is set out in the left hand column of the table immediately 
below. The approved use of the approved product is described in the right hand column 
and compared with the claim. As is shown, the approved use of the approved product 
meets all of the limitations of the claim and the claim covers the approved use of the 
approved product. 





Claim 2 




The approved use 




A method of treating a disorder attributable to 
excessive kallikrein activity which comprises 




The approved use is the treatment of HAE. 
As discussed above in the excerpt from the 
package insert, HAE is a disorder 
attributable to excessive kallikrein activity. 




administering, to a human or animal subject who 
would benefit therefrom, 




KALBITOR® has been approved to treat 
acute attacks of hereditary angioedema 
(HAE) in patients. Thus, it is administered 
to a subject who would benefit therefrom. 




a kallikrein-inhibitory amount of the protein of 
claim 1 . 




As discussed for claim 1 above, ecallantide 
meets all of the structural and functional 
limitations of the kallikrein inhibiting 
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protein of claim 1. 











(e) Claim 5 of U.S. Patent No. 5,795,865 reads on the approved product. Claim 5 
is set out in the left hand column of the table immediately below. The approved product 
is described in the right hand column and compared with the claim. As is shown, the 
approved product meets all of the limitations of the claim and the claim covers the 
approved product. 





Claim 5 




KALBITOR® 




A kallikrein inhibiting protein which comprises a 
non-naturally occurring Kunitz domain, wherein, 
at each of the residues corresponding to the below 
identified residues, one of the following allowed 
amino acids is found: 




A "kallikrein inhibiting protein" is defined 
at column 4, lines 38-40 of U.S. Patent No. 
5,795,865 as "one that binds and inhibits a 
specified kallikrein with Kj of about 20nM 
or less." Ecallantide meets this limitation as 
it binds to and inhibits plasma kallikrein 
with a Kj of 25 pM. (Attachment B). 

Ecallantide comprises a non-naturally 
occurring Kunitz domain, see section 
(9)(b)(l) above. 

As is discussed below, ecallantide meets 
each of the sequence limitations of the 
claim: 




BPTI 
Residue # 


Allowed Amino Acid 








10 


Asp, Glu, Ala, Gly, Ser, Thr 




The amino acid residue in ecallantide which 
corresponds to this position is Asp, thus this 
limitation of the claim is met. 




11 


Asp, Gly, Ser, Val, Glu, Leu, Met 




The amino acid residue in ecallantide which 
corresponds to this position is Asp, thus this 



12 

992837 



In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 











limitation of the claim is met. 




12 

* 


Gly, and, if residue 14 or 38 is not 
Cys, any conservative or 
semi-conservative substitution for a 
"normal" conformation Gly 
as defined in Table 9 




The amino acid residue in ecallantide which 
corresponds to this position is Gly, thus this 
limitation of the claim is met. 




13 


Arg, His, Pro, Asn, Ser 




The amino acid residue in ecallantide which 
corresponds to this position is Pro, thus this 
limitation of the claim is met. 




14 


Cys, and, if residue 38 is not Cys, 
any conservative or semi- 
conservative substitution for Cys 




The amino acid residue in ecallantide which 
corresponds to this position is Cys, thus this 
limitation of the claim is met. 




15 


Arg, Lys 




The amino acid residue in ecallantide which 

pnrrPQT^n , nHc tn thic r\r»citir\n ic Arc time tVnc 

I'Ull&ojJUUUo IU llllo jJUMUUll lo f\L lllUo 1111 o 

limitation of the claim is met. 




16 


Ala, Gly 




The amino acid residue in ecallantide which 
corresponds to this position is Ala, thus this 
limitation of the claim is met. 




17 


Ala, Asn, Ser, He 




The amino acid residue in ecallantide which 
corresponds to this position is Ala, thus this 
limitation of the claim is met. 




18 


His, Leu, Gin 




The amino acid residue in ecallantide which 
corresponds to this position is His, thus this 
limitation of the claim is met. 




19 


Pro, Gin, Leu 




The amino acid residue in ecallantide which 
corresponds to this position is Pro, thus this 
limitation of the claim is met. 




20 


Arg, Leu, Ala, Ser, Lys, Gin, Val 




The amino acid residue in ecallantide which 
corresponds to this position is Arg, thus this 
limitation of the claim is met. 




21 


Trp, Phe 




The amino acid residue in ecallantide which 
corresponds to this position is Trp, thus this 
limitation of the claim is met. 




31 


Glu 




The amino acid residue in ecallantide which 
corresponds to this position is Glu, thus this 
limitation of the claim is met. 



13 

992837 



In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18 5 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 





32 


Glu, Gin 




The amino acid residue in ecallantide which 
corresponds to this position is Glu, thus this 
limitation of the claim is met. 




33 


Phe 




The amino acid residue in ecallantide which 
corresponds to this position is Phe, thus this 
limitation of the claim is met. 




34 


Ser, Thr, He 




The amino acid residue in ecallantide which 
corresponds to this position is He, thus this 
limitation of the claim is met. 




35 


Tyr 




The amino acid residue in ecallantide which 
corresponds to this position is Tyr, thus this 
limitation of the claim is met. 




36 


Gly, Ser, Ala 




The amino acid residue in ecallantide which 
corresponds to this position is Gly, thus this 
limitation of the claim is met 




37 


Gly, and, if residue 14 or 38 is not 
Cys, any conservative or 
semi-conservative substitution for a 
"normal" conformation Gly 
as defined in Table 9 




The amino acid residue in ecallantide which 
corresponds to this position is Gly, thus this 
limitation of the claim is met. 




38 


Cys, and, if residue 14 is not Cys, 
any conservative or semi- 
conservative substitution for Cys 




The amino acid residue in ecallantide which 
corresponds to this position is Cys, thus this 
limitation of the claim is met. 




39 


Gly, Glu, Ala. 




The amino acid residue in ecallantide which 
corresponds to this position is Glu, thus this 
limitation of the claim is met. 



(f) Claim 6 reads as follows: The protein of claim 2 wherein, the Kunitz domain is 
further characterized as follows: 

10 Asp, Glu 

11 Asp, Gly, Ser, Val 

12 Gly 
14 Cys 
20 Arg 
36 Gly 

14 
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37 Gly 

38 Cys. 

Claim 6 of U.S. Patent No. 5,795,865 reads on and covers ecallantide. As 
discussed above, ecallantide meets all of the limitations of the base claim. Each of the 
further limitations of claim 6 is met as well: at position 10, the amino acid residue of 
ecallantide is Asp; at position 1 1 , the amino acid residue of ecallantide is Asp; at position 
12, the amino acid residue of ecallantide is Gly; at position 14, the amino acid residue of 
ecallantide is Cys; at position 20, the amino acid residue of ecallantide is Arg; at position 
36, the amino acid residue of ecallantide is Gly; at position 37, the amino acid residue of 
ecallantide is Gly; and at position 38, the amino acid residue of ecallantide is Cys. 



(g) Claim 7 of U.S. Patent No. 5,795,865 reads on the approved use of the 
approved product. Claim 7 is set out in the left hand column of the table immediately 
below. The approved use of the approved product is described in the right hand column 
and compared with the claim. As is shown, the approved use of the approved product 
meets all of the limitations of the claim and the claim covers the approved use of the 
approved product. 





Claim 7 




The approved use 




A method of treating a disorder attributable to 
excessive kallikrein activity which comprises 




The approved use is the treatment of HAE. 
As discussed above in the excerpt from the 
package insert, HAE is a disorder 
attributable to excessive kallikrein activity . 




administering, to a human or animal subject who 
would benefit therefrom, 




KALBITOR® has been approved to treat 
acute attacks of hereditary angioedema 
(HAE) in patients. Thus, it is administered 
to a subject who would benefit therefrom. 




a kallikrein-inhibitory amount of the protein of 
claim 5. 




As discussed for claim 5 above, ecallantide 
meets all of the structural and functional 
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limitations of the kallikrein inhibiting 
protein of claim 5. 
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(10) Relevant Dates Under 35 U.S.C § 156 for Determination of 
Applicable Regulatory Review Period [L740(a)(10)] 

The relevant dates and information pursuant to 35 U.S.C. § 156(g) to enable the 
Secretary of Health and Human Services to determine the applicable regulatory review 
period are as follows: 

(a) Patent Issue Date: 

U.S. Patent No. 5,795,865 issued on August 18, 1998. 

(b) IND Effective Date andIND number [35 U.S.C. §1 56(g) (l)(B)(i); 37 C.F.R. 
§1.740(a)(10)(i)(A)] 

A first IND was by submitted by Dyax Corp. to the FDA and received by the 
FDA on January 11, 2002. It was assigned number BB-IND#10232. A copy of the letter 
from the FDA to Dyax Corp. providing the IND number and showing the date of receipt 
by the FDA of the first IND is provided in Attachment Jl . BB-IND#10232 was 
concerned with the use of ecallantide in patients undergoing cardiopulmonary bypass 
procedures associated with cardiothoracic surgery (CTS). In a telephone conference 
between Dyax Corp. and the FDA on February 8, 2002, the FDA indicated that clinical 
trials under BB-IND#10232 could be initiated. A copy of "Record of Contact" 
memorializing that telephone conference made by Dyax Corp. is provided in Attachment 
J2. This exemption became effective February 8, 2002. 

A second IND was submitted by Dyax Corp. to the FDA and received by the FDA 
on May 1, 2002. It was assigned number BB-IND#10426. A copy of the letter from the 
FDA to Dyax Corp. providing the IND number and showing the date of receipt by the 
FDA of the IND is provided in Attachment K. BB-IND# 10426 was concerned with the 
use of ecallantide to treat angioedema, in particular hereditary angioedema (HAE). BB- 
IND# 10426 cross referenced the earlier filed BB-IND# 10232 and relied on chemistry, 
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manufacture and control (CMC) and pre-clinical studies data provided in the earlier filed 
IND. In a telephone conference between Dyax Corp. and the FDA on May 30, 2002, the 
FDA indicated that clinical trials under BB-IND#10426 could be initiated. A copy of a 
letter from Dyax Corp. to the Center for Biologies Evaluation and Research summarizing 
that call is provided in Attachment L. This exemption became effective May 30, 2002. 

Both INDs were transferred to the Center for Drug Evaluation and Research in 
2003 when recombinant therapeutic proteins were transferred by the FDA. 

In a communication dated June 12, 2008, the earlier IND, BB-IND# 10232, was 
conveyed to Cubist Pharmaceuticals effective as of June 16, 2008. A copy of the 
communication dated June 12, 2008 from Dyax Corp. to the Center for Drug Evaluation 
and Research is provided in Attachment M. 

By a communication dated June 13, 2008, BB-IND#10426 was amended by 
addition of the data it relied on from the earlier filed IND. A copy of the communication 
from Dyax Corp. to the Center for Drug Evaluation and Research is provided in 
Attachment N. 

Thus, as set out above, the date that an exemption under §505(i) of the Federal 
Food, Drug and Cosmetic Act became effective (i.e., the date that an investigational new 
drug application (IND) became effective for KALBITOR®) was February 8, 2002. 

(c) BLA Submission Date [35 U.S.G §156(g)(l)(B)(i); 37 C.F.R. 
§L740(a)(10)(i)(B)] 

The BLA was submitted on a rolling basis. Accordingly, the initial portion of the 
BLA was submitted by Dyax to the FDA on December 3 1 , 2007. The final portion was 
submitted on September 23, 2008. This date is used in the calculations provided herein. 
The BLA was assigned number BL 125277/0. A copy of the letter from the FDA 
acknowledging receipt of the BLA application is provided as Attachment O. 
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(d) BLA Issue Date [35 U.S.C. §156(g)(l)(B)(ii); 37C.F.R. §1.740(a)(10)(i)(C)J 

The FDA approved BLA 125277/0 authorizing the marketing of KALBITOR® 
on December 1, 2009. KALBITOR® was approved under the Department of Health and 
Human Services (DHHS) U.S. License No.: 1789. A copy of the approval letter from the 
FDA is provided as Attachment D. 
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(11) Summary of Significant Events During Regulatory Review Period 
[1.740(a)(ll)] 

A brief description of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to KALBITOR® 
and the dates applicable to these significant activities are set forth in a chronology of 
events provided below. 





Brief DescriDtion of Sianificant Activities Durina 
Reaulatorv RAview Period for DX.R8 fprallantirfol for 1 

• uioivi y i \v viv vv r w 1 1 v/ vj iui i/a uu ^^?i#ciiicii invito! l vl *J 

associated applications: 1) BB IND 10232 for CTS 
indication \riMtz iinu cross-reierreu to mis iinu tot uiviu 
ana iMoncunicai imormationj, &) dd iimu iu4^o Tor MAt 
inaicaTion, o) bLA izd^/ ( 




uaie 


oignmcani Activity 


— ; — 

Application 


10-Jan-02 


BB-IND10232 submitted to FDA 


BB-IND 10232 


11-Jan-02 


BB-IND10232 received by FDA 


BB-IND 10232 


8-Feb-02 


BB-IND10232 in effect 


BB-IND 10232 


30-Apr-02 


BB IND 10426 submitted to FDA 


BB-IND 10426 


1-May-02 


BB IND 10426 received by FDA 


BB-IND 10426 


30-May-02 


Submission: Response to 29 May clinical teleconference 
BB-IND 10426 in effect 


BB-IND 10426 


31-May-02 


Submission: Response to 30 May teleconference 


BB-IND 10426 


21-NOV-02 


FDA Orphan Designation for HAE and AAE (Designation 02-1608) 


BB-IND 10426 


7-Feb-03 


Submission: IND Annual Report 


BB-IND 10232 


29-May-03 


Submission: IND Annual Report 


BB-IND 10426 


20-Jun-03 


FDA Communication regarding transfer of biologic therapeutic products 
from CBER to CDER. 


BB-IND 10232 


26-Jun-03 


Submission: Reformatted Fast Track request 


BB-IND 10426 


5-Aug-03 


Communication from FDA: Fast Track denied 


BB-IND 10426 


4-Mar-04 


Submission: IND Annual Report 


BB-IND 10232 


8-Apr-04 


Teleconference with FDA regarding protocol 


BB-IND 10426 


13-May-04 


Submission: IND Annual Report 


BB-IND 10426 


10-Jun-04 


Call to FDA regarding Dyax press release describing topline results of 


BB-IND 10426 
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Brief Description of Significant Activities During 
Regulatory Review Period for DX-88 (ecallantide) for 3 
associated aDDlications: 1) BB IND 10232 for CTS 
Indication IHAE IND cross-referred to this IND for CMC 
and Nonclinical Information)* 9\ RR IKin 1flA9fi fnr MAP 
Indication- ?l Rl A 19*^977 

lllvllvdllw'll, O/ DLn l£w£f / 




Date 


Sianificant Activitv 


r\ \J fJ 1 1 <U d 11 %J 1 1 




EDEMA1 




6-Jul-04 


Submission* Revised IB and informed consent 




29-Jul-04 


Call with FDA to discuss EDEMA2 treatments Der natient 


RR-IND 10496 


31-Jul-04 


Call to FDA reaardina Fast Track denial and reauest for re-examination 


BB-IND 10426 


9-Aug-04 


Submission: request for E0P2 meeting 


BB-IND 10426 


1 1 -Aua-04 


Submission* Fast Track reauest resubmitted 


RR-IND 10496 

DDI 1 N LJ lUHtO 


7-Sep-04 


Submission: Request for E0P2/Pre-BLA meeting 


BB-IND 10426 


21-SeD-04 


FDA nhonpd with ^unnp^tinn nn Fa^t Trark HPQinnatinn 


RR-INn 10496 


94-SeD-04 


Snhmi^Qiorv FaQt Track rpni ipct aHHitinnal infrn-matinn 

OUUI 1 IIOOlUII. POOl 1 IdUrx lU^UCDl dUUIUUIICll II HUI 1 1 IdllUI 1 


RR-IKin 1049ft 
DD-MNU I U*f^O 


18-Oct-04 


FOP2 mpptinn via teleronfprpnrp 


RR-IND 10496 

DD I IN LJ I vH/LKJ 


22-Oct-04 


Call with FDA to discuss tonics from EOP2 Meetina 

\>sw*ii »»ilii I K^f \ iw vilwvUww ivk/lvw I I wl I I 1— w IVIw^llllM 


RR-IND 10496 


30-Nov-04 


Pivotal trial desinn teleron with FDA 


RR-IND 10496 

DD I IN LJ \ UHtv 


8-Dec-04 


Submission* Resoonse to comments at FOP2 telecon 


RR-IND 10496 

DDI 1 N LJ 1 yttu 


10-Feb-05 

IV 1 Wit/ V W 


Teleconference with FDA to discuss desian of nivotal studv 


RR-IND 10496 

DDI IN LJ 1 Ut^v 


28-Feb-05 


Call to FDA reauestina additional feedback on nivotal trial desinn 


RR-IND 10496 

D D 1 1 >l LJ lU^tV 


1-Mar-05 

1 V<* 1 W W / 


Call to FDA to discuss EOP2 meetina delav due to further discussion on 

x^mii i \ iw wiwwwww i-vi i i ivwiii ly viwmy uuw iw iui VI iwi wlwwUwwlwl I v»l I 

integrating intravenous and subcutaneous clinical programs. 


BB-IND 10426 


3-Mar-05 


Call from FDA to discuss plans for a meeting between Office of Orphan 
Drugs and ODE VI 


BB-IND 10426 


4-Mar-05 


Call to FDA to discuss recruitment in ongoing EDEMA2 study. 


BB-IND 10426 


4-Mar-05 


Orphan Office called to discuss meeting with ODE VI reviewers 


BB-IND 10426 


10-Mar-05 


Dyax called FDA to discuss the primary endpoint for EDEMA3 


BB-IND 10426 


30-Mar-05 


Submission: IND Annual Report 


BB-IND 10232 


29-Apr-05 


Teleconference discussing endpoint for EDEMA3 


BB-IND 10426 


26-May-05 


Submission: IND Annual Report 


BB-IND 10426 


14-Jul-05 


E0P2 meeting 


BB-IND 10426 


23-Sep-05 


Call with FDA to discuss IND reviews following FDA reorganization 


BB-IND 10232 


3-Oct-05 


FDA Communication: Comments to EDEMA3 protocol (eg DX-88/14) 


BB-IND 10426 


19-Oct-05 


Submission: Response to FDA comments for EDEMA3 study 


BB-IND 10426 


20-Oct-05 


Submission: DMSB report 


BB-IND 10426 
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Brief Description of Significant Activities During 
Regulatory Review Period for DX-88 (ecallantide) for 3 

dooULrlctieU appilCoXIOno. 1 ) DD IINU 1 UZoZ TOT 1 O 

indication (tiac iinu cross -re Terrea to in is iimd tor uiviu 
ana iMoncnnicai information), bb inu 10426 for HAE 

lnrJiA4+i/\n> Q\ D| A 40077 

indication, oj dla 




uate 


oigniticant Activity 


Application 


^/-uec-Ub 


Submission: Information supporting the proposed modification of the Fast 
Track objective 


BB-IND 10426 


10-Peb-OD 


Submission: New Fast Track request 


BB-IND 10426 


\ /-Mar-Ub 


Submission: IND Annual Report 


BB-IND 10232 


ou-May-ub 


Submission: IND Annual Report 


BB-IND 10426 


29-Aug-06 


Type B meeting 


BB-IND 10426 


o-UCt-Uo 


Meeting: Type B meeting 


BB-IND 10232 


18-Oct-06 


Submission: Request for Fast Track Designation 


BB-IND 10426 


on Mam nc 


FDA Letter: Fast Track approval 


BB-IND 10426 


Q Ion nv 


rUA sent comments to c I b clinical protocol DX88/16 


BB-IND 10232 


1 1 Ian H7 


rUA communication. Meeting minutes irom io uec 0o meeting 


BB-IND 10426 


17 Ion 07 


Type A Meeting via teleconference regarding SPA for EDEMA4 


BB-IND 10426 


1 ^ Pah P.7 


ouomission. Kesponses to rUA comments to CIS clinical protocol 
DX88/16 


BB-IND 10232 


9-Apr-07 


Submission: IND Annual Report 


BB-IND 109^9 


29-May-07 


Submission: IND Annual Report 


DDI IN L/ lUttU 


13-Jun-07 


Submission' Tvoe C Briefina Packaae for 16 Julv 9007 mpptinn tn dkru<;<5 
Filability based on positive Phase 3 (EDEMA3) results 




12-Jul-07 


FDA Communication' Draft Resnonses to Oup^tion^ for 1fi Julv 07 
meeting regarding filing on EDEMA3 package 


RR-INH 10d9fi 


1-Aug-07 


Submission: preBLA Type B Meeting Request 


BB-IND 10426 


9-Aug-07 


Submission: Proprietary name review request 


BB-IND 10426 


1-Oct-07 


Submission: Pre-BLA Briefing Book for the October 30th, 2007 meeting 


BB-IND 10426 


24-Oct-07 


FDA Letter: SPA Agreement 


BB-IND 10426 


30-Oct-07 


Pre-BLA meeting 


BB-IND 10426 


19-Nov-07 


Email to FDA requesting BLA number 


BB-IND 10426 


19-Nov-07 


Email submitting Dyax information to FDA to obtain BLA 


BB-IND 10426 


20-Nov-07 


FDA Letter: Assignment of BLA number 


BB-IND 10426 


20-Nov-07 


Assignment and confirmation of BLA from FDA 


BB-IND 10426 


20-Dec-07 


Submission: Rolling Review Request 


BB-IND 10426 


31-Dec-07 


Submission: CMC rolling submission 


BLA1 25277 
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Brief Description of Significant Activities During 
Regulatory Review Period for DX-88 (ecallantide) for 3 
associated applications: 1) BB IND 10232 for CTS 
Indication (HAE IND cross-referred to this IND for CMC. 

■ ■ ■ ■ wm «i wi ■ ink liw VI www Ivlvllwll Iv LI 1 IO 11^ \J 1 \J 1 W'lVlw' 

and Nonclinical Information)- 21 RR IND 10496 for MAP 

aiiu iiviiwiiiiiuai iiiiwj ma li will) &l up \Y%\J IUH&v IUi n^AC- 

Indication; 3) BLA 125277 




Date 


Significant Activity 


Application 


18-Jan-08 


FDA Communication: Acceptance of submission of rolling sections of BLA 


BB-IND 10426 


27-Mar-08 


Submission: Nonclinical rolling submission 


BLA1 25277 


9-Apr-08 


Submission: IND Annual Report 


BB-IND 10232 


7-May-08 


Submission: IND Annual Report 


BB-IND 10426 


12-Jun-08 


Submission: Notification to FDA that BB-IND 10232 was transferred to 
Cubist Pharmaceuticals, effective 16June2008 


BB-IND 10232 


13-Jun-08 


Submission: Copied to BB-IND 10426 the CMC and nonclinical 
submissions that had previously been submitted to BB-IND 10232. The 
submission ensured that from this point forward BB-IND 10426 no longer 
relied on BB-IND 10232 for CMC and nonclinical. 


BB-IND 10426 


23-Sep-08 


Submission: Original BLA submission completed (starting PDUFA clock) 


BLA1 25277 


10-Oct-08 


Submission: Response to Office of Compliance questions 


BLA1 25277 


24-Oct-08 


Teleconference regarding Pre-Approval Inspection of drug substance 
facility 


BLA1 25277 


17-Nov-08 


Teleconference regarding Pre-Approval Inspection of drug substance 
facility 


BLA1 25277 


ZU-INUV-UO 


ruM Leuer. ruing ot me dlm including initial review comments/questions 


HI A*1 OC077 

BLA1 25277 


ft- Ian-HQ 

O Jal 


i cicuur iici ciiuc ftjydfuiny auvisory commmee topics 


Dl A10C077 


^vJ IVIdl "U5 


r l/m /-vouuii LtJLicf. L/ompic?ic lAespunse 


Dl A10R077 


23-Aor-09 


Submission* IND Annual Rpnnrt 




31-May-09 


Submission: BLA resubmission 


BLA1 25277 


5-Jun-09 


FDA Letter: Acknowledgment of BLA resubmission receipt 


BLA1 25277 


5-Aug-09 


FDA fax with vial/carton comments 


BLA1 25277 


12-Aug-09 


Submission: Response to vial/carton label comments 


BLA1 25277 


4-Sep-09 


Communication from FDA indicating preliminary acceptability of 
tradename 


BLA1 25277 


7-Oct-09 


Teleconference regarding proposed REMS 


BLA1 25277 


16-Oct-09 


FDA Letter regarding REMS requirements 


BLA1 25277 


16-Oct-09 


FDA Communication with labeling comments 


BLA1 25277 


20-Oct-09 


Teleconference regarding labeling 


BLA1 25277 


26-Oct-09 


Submission: Proposed REMS with revisions per FDA Communication of 


BLA1 25277 
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Brief Description of Sianificant Activities Durina 
Requlatorv Review Period for DX-88 fecallantide) for 3 
associated aoDlications 1 H BB IND 10232 for CT^ 
Indication fHAE IND cross-rpfprrpri tn thiQ IND for PMP 
and Nonclinical Information!- 0\ RR IND 1049fi for MAP 

wiiu IiVI 11*111 lllrCll IIIIUl IlldUUIIJ, £J DD IrVU lUH^O TUT rlMC 

Indication- Rl A 195977 




Pate 


Significant Activity 


Application 




16 October 2009 




29-Oct-09 


FDA Letter: B36 BLA acknowledgement 


BLA125277 


19-NOV-09 


FDA Communication with REMS comments 


BLA1 25277 


20-Nov-09 


FDA Communication with labeling comments 


BLA1 25277 


24-Nov-09 


Teleconference regarding post marketing requirements 


BLA1 25277 


1-Dec-09 


FDA Action Letter: BLA Approval 


BLA1 25277 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

(12) Statement Concerning Eligibility for and Duration of Extension 
Sought Under 35 U.S.C. § 156 [37 C.F.R. §1.740(a)(12)] 

(i) Applicant is of the opinion that U.S. Patent No. 5,795,865 is eligible for 
extension of the patent term under 35 U.S.C. § 156 of 1645 days and should be extended 
until February 1 8, 2020. It satisfies all requirements for such extension including: 

(a) 35 U.S.C. § 156(a) - U.S. Patent No. 5,796,865 claims ecallantide, a kallikrein 
inhibiting protein (the active ingredient in KALBITOR®), and methods of using the 
active ingredient. 

(b) 35 U.S.C. § 156(a)(1) - U.S. Patent No. 5,796,865 has not expired before 
submission of this application. 

(c) 35 U.S.C. § 156(a)(2) - The term of U.S. Patent No. 5,795,865 has never been 
extended under 35 U.S.C. § 156(e)(1). 

(d) 35 U.S.C. § 156(a)(3) - The application for patent term extension is submitted 
by the owner of record of the patent in accordance with the requirements of paragraphs 
(1) through (4) of 35 U.S.C. § 156(d) and the rules of the Patent and Trademark Office. 

(e) 35 U.S.C. § 156(a)(4) - The product KALBITOR® has been subject to a 
regulatory review period before its commercial marketing or use. 

(f) 35 U.S.C. § 156(a)(5)(A) - The commercial marketing or use of the product 
KALBITOR® after the regulatory review period is the first permitted commercial 
marketing or use under the provisions of § 35 1 (a) of the Public Health Service Act under 
which such regulatory review period occurred. 

(g) 35 U.S.C. § 156(c)(4) - No other patent has been extended for the same 
regulatory review period for the product KALBITOR®. 

(h) This application is being submitted within 60 days of regulatory agency 
approval. 

(i) This application otherwise complies with all requirements of 35 U.S.C. § 156 
and all applicable rules and procedures. 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

(12)(ii) Applicant respectfully submits that the length of the extension of patent 
term for U.S. Patent No. 5,795,865 is 1645 days pursuant to 35 U.S.C. § 156(c). 

The length of the extension was determined pursuant to 37 C.F.R. § 1.775 as 
follows (the remainder of this section (12)(ii) is numbered so as to correspond to the 
numbering in 37 C.F.R. § 1 .775 ): 

(c) The regulatory review period under 35 U.S.C. § 156(g)(1)(B) is a total 
of 2855 days, which is the sum of (1) and (2) below: 

(1) The period of review under 35 U.S.C. § 156(g)(l)(B)(i), which 
is the number of days in the period beginning on the date the exemption became effective 
(February 8, 2002) and ending on the date an application was initially submitted 
(September 23, 2008), which is 2420 days; and 

(2) The period of review under 35 U.S.C. § 156(g)(l)(B)(ii), which 
is the number of days in the period beginning on the date the application was initially 
submitted (September 23, 2008) and ending on the date such application was approved 
(December 1, 2009), which is 435 days. 

(d) The term of the patent as extended for a human drug, antibiotic drug or 
human biological product is determined by: 

(1) Subtracting from the number of days determined to be in the 
regulatory review period, which is 2855: 

(i) The number of days in the regulatory review period 
which were on or before the date on which the patent issued (August 18, 1998) which is 
zero (0) days; and 

(ii) The number of days in the period of (c)(1) and (c)(2) 
above during which applicant did not act with due diligence, which is zero (0) days; and 

(iii) One-half the number of days determined in 

subparagraph (c)(1) above after that period is reduced by subparagraph (d)(l)(i) and 

(d)(1)(H) which, is (2420-0-0)/2, or 1210 days. 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096USI 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

Thus, the number of days determined in subparagraph (c) above (2855) is reduced 
by 1210 days, for a total of 1645 days; 

(2) Adding the number of days as determined in subparagraph (d)(1), 
(1645 days), to the original term of the patent (August 18, 2015) which results in the date 
of February 18,2020. 

(3) By adding fourteen (14) years to the date of issuance of the Biologies 
License (December 1, 2009) which results in the date of December 1, 2023; 

(4) By comparing the dates for the ends of the periods obtained pursuant 
to paragraphs (d)(2) and (d)(3) and selecting the earlier, which is February 18, 2020; 

(5) (i) Since U.S. Patent No. 5,795,865 issued after September 24, 1984, 
by adding 5 years to the original expiration date of the patent or any earlier date set by 
terminal disclaimer, which is August 18, 2020; and (ii) By comparing the dates obtained 
pursuant to paragraphs (d)(4) and (d)(5)(i) of this section with each other and selecting 
the earlier date, which is February 18, 2020. 

Thus, the patent is entitled to extension until February 18, 2020. 

(13) Statement Pursuant to 37 C.F.R. § L740(a)(13) 

Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services any 
information which is material to the determination of entitlement to the extension sought, 
e.g., as that duty is defined in 37 C.F.R. § 1 .765. 

(14) Applicable Fee [1.740(a)(14)] 

The prescribed fee for receiving and acting upon this application is attached as a 

check in the amount of $1,120.00. The Director is authorized to charge any additional 
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In re U.S. Patent No.: 5,795,865 

Issued: August 18, 1998 

Inventors: William Markland and Robert 



Attorney Docket No.: D2033-7060US/10280-096US1 



Charles Ladner 



Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 



fees required by this application to Deposit Account No. 50/2762, referencing attorney 
docket number D2033-7060US. 

(15) Name and Address for Correspondence [1.740(a)(15)] 

All correspondence and inquiries may be directed to the undersigned, whose 

address, telephone number and fax number are as follows: 

Laurie Butler Lawrence 
Lando & Anastasi, LLP 
One Main Street 
Cambridge, MA 02142 
Phone:617-395-7000 
Fax:617-395-7070 



Enclosed is a certification that the application for extension of patent term under 
35 U.S.C. § 156 including its attachments and supporting papers is being submitted as 
one original and two (2) copies thereof (Attachment P) in compliance with 37 C.F.R. § 



ANALOGUES THEREOF 



1.740(b). 



Respectfully submitted, 




Laurie Butler Lawrence, Reg. No. 46,593 
LANDO & ANASTASI, LLP 
One Main Street 

Cambridge, Massachusetts 02142 
United States of America 
Telephone: 617-395-7000 
Facsimile: 617-395-7070 



Date: l/// J/D 




Attachments: 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 
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Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIB ITING "KUNITZ DOMAIN" PROTEINS AND 
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Power of Attorney (Attachment A) 

Package Insert for KALBITOR® (Attachment B) 

U.S. Patent No. 7,276,480, (Attachment C) 

Biologies License Approval Letter including enclosures (Attachment D) 
U.S. Patent No. 5,795,865 (Attachment E) 
Terminal Disclaimer (Attachment F) 
Certificate of Correction (Attachment G) 
Maintenance Fee Statement (Attachment H) 

Alignment of the Kunitz domain of ecallantide and bovine trypsin protease 
inhibitor (Attachment I) 

Letter from FDA acknowledging receipt of the first IND (Attachment Jl) 
Contact Report for DYAX-FDA Teleconference of February 8, 2002 (Attachment 

J2) 

Letter from FDA acknowledging receipt of the second IND (Attachment K) 

Letter from Dyax to the Center for Biologic Evaluation and Research dated May 
31, 2002 which summarized the May 30, 2002 telephone conference (Attachment L) 

Communication dated June 12, 2008 from Dyax Corp. to the Center for Drug 
Evaluation and Research discussing conveyance of BB-IND# 10232 to Cubist 
Pharmaceuticals (Attachment M) 

Communication from Dyax Corp. to the Center for Drug Evaluation and Research 
dated June 13, 2008, in which BB-IND#10426 was amended (Attachment N) 

Letter from FDA acknowledging receipt of the final submission of the BLA 
(Attachment O) 

Certification of Copies of Application Papers (Attachment P) 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280- 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHffilTING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



Attachment A 



Power of Attorney 



ATTACHMENT A 

> 



Docket No.: D2033-90Q0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

REVOCATION OF PRIOR POWERS! OF ATTORNEY 

and 

NEW POWER OF ATTORNEY y 

Sit. ' 

The undersigned, Dyax Corp., a Delaware Coiporation, assignee of the entire right, title 
and interest for all of the patents and patent applications identified in the attached Schedule A* 
hereby revokes all previous powersjfof attorney or authorizations of agent given in the identified 
patents and patent applications and in any divisional, continuing, substitute, renewal, 
reexamination, or reissue applications thereof, and appoints all practitioners of Lowrie, Lando & 
Anastasi, LLP associated with Customer Number 

37462 

as assignee's attorneys or agents with full power of substitution to take any and ail action 
necessary with regard to the identified patents and patent applications, and with regard to any 
divisional, continuing, substitute, renewal or reissue applications thereof. 

Please address all telephone calls to Laurie Butler Lawrence at telephone no. (61 s !) 395- 

7000. 

Please forward all correspondence to the correspondence address associated with 
Customer Number: 

37462 



Page I of 2 



DyaxGo'rp. 



By: CJ^Ofc- 




Name: Ivana Mapnvravi c iLiebisch. Ph.D.. JD 

Title: General Counsel and 

Execative Vim Pr esident of Administration 



Dated; 




ASSIGNEE CERTIFICATION 

Attached to this power is a Certificate Under 37 CFR 3.73(b). 

Dated: (.fort I '7\ Sf$t{ /Unne Birtler Uwrence/ 



Laurie Butler Lawrence, Reg. No. 46,593 
LOWRlEj LANDO & ANASf ASL LLP 
Riverfront Office Park 
One Main Street 
Cambridge, MA 02142 
(617)395-7000 
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FACSIMILE TRANSMITTAL SHEET 


TOi 

Mary Till 


FRO Mi 

Laurie Butler Lawrence 




COMPANY: 

Lando & Anastasi 


DATE: 

5/5/2010 




FAX NUMBER: 

571-273-7755 


TOTAL MO. 0(" PACiliS INCLUDING COVKK: 

2 





PHONF. NUMBER: SKNnuH'K H UI-'t-.RKNCK NUMlUill; 



YOUR RftPERtaNCE NUWWF.R[ 

State ment under 373(b) D2033-7060US (Patent No.: 5,795,865) 

0 URGENT □ FOR REVIEW □ PLEASE COMMENT □ PLEASE REPLY □ PLliASE RECYCLE 



NOTES /COMMENTS: 

Please let us know if you need further infcrrnation. 



(CLICK HERE AMD TYPE RETURN ADDRESS] 
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PTO/SB/96 (12-07) 
Approved for uae through 12/31^2007. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Undor the Paperwork ^ Aetof 1995. n* ^ „. reemirad m m-ond to a cotlerton of information un^e Itri^v* « v*d OMB control number. , 



STATEMENT UNDER 37 CFR 3.731bl 



Applicant/Patent Owner. MaAiand etal. 



Application No./Patent No.: 5.795,065, 



Fited/lssue Date: _08/l8/l99jBL 



Entitled: KALLIKREIN-BI NDING "KUNITZ DOMAIN" PROTEINS AND ANALOGUES THEREOF 



flyax florp 



_< a , r«nrpnmtiQDu 



(Name of Assignee) 
states that it is: 

2. □ an assignee of less than the entire right, title and interest 
(The extent (by percentage) of its ownership interest is — 



(Type of Assignee, e.g.. corporation, partnership, university, Government agency, etc.) 



.%) 



in the patent application/patent identified above by virtue of either: 

Al3 An assignment from the Inventor(s) of the patent application/patent identified above. The assignment was recorded 

in the United States Patent and Trademark Office at Reel _8321 , Frame 0061-65 , or for which a copy 

thereof is attached. 

OR 

BO A chain of title from the inventors), of the patent application/patent identified above* to the current assignee as follows: 



1 From 



To: 



The document wag recorded in the United States Patent and Trademark Office at 
Reel . Frame . or for which a copy thereof is attached. 



2. From 



To: 



The document was recorded in the United States Patent and Trademark Office at 

( Frame * , or for which a copy thereof is attached. 



3. From 



To: 



The document was recorded in the United States Patent and Trademark Office at 
r €€ I , Frame , or for which a copy thereof is attached. 

Q Additional documents in the chain of title are listed on a supplemental sheet- 

□ As required by 37 CFR 3.73(b)(1 the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3,11 

[NOTE: A separate copy (/.e„ a true copy of the original assignment documents )) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. §e£ WPEP 
302.06] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Laurie Butler Lawrence/ 0 3/27/5003 



Signature 
Laurie Buller Lawrence. Rag. No. 46.593 



Date 

617^95-7000 



Printed or Typed Name 
Attorney 



Telephone Number 



Title 



This collection of information to required by 37 CFR 3.73(b). The information Is required 10 oWaln or retain a benefit by he public which (a to file (and by the 
USPTO to process) an application, confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. ThlH collection is estimated to take 12 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO, Time will vary depending upon the individual I cas^Any 
comment* on the amount of time you require to complete this form and/of suggestions for '«^J^^^^^J^^^ S?«'^T™ P ^?n 
U.S. Patent and Trademark Office. U.S. Department of Commerce, P.O. Box 1450. Alexandria, VA 22313*1460. DO NOT SEND FEES OR COMPLETED 
FORMS to this ADDRESS, send TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2231 3-1 450, 

If you need assistance in completing the form, celt 1-8Q0-PTO-9189 Qnd select option 2. 
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SCHEDULE A 



U.S. Patents: 



7,244,592 

7,273,610 

6,238,860 

6,291197 

6,479,641 

6,084,062 

6,462,172 

7,074,560 

6,906,176 

7,118,872 

6,326,155 

7,041,790 

7,329,737 

7,166376 

7,064,107 

7,276,480 

6,057,287 

6,333,402 

5,994,125 

5,795,865 

6,103,499 

6,071,723 

6,423,498 

6,953,674 

6,010,880 

6,197,526 

6,492,105 

7,112,438 

6,774,209 

6,984,373 

7,211,395 

6,989,369 

6,919,424 

7,153,829 

7,235,530 



ISSUE DATE 
07/17/2007 
09/25/2007 
05/29/2001 
09/18/2001 
11/12/2002 
07/04/2000 
02/03/2000 
07/11/2002 
06/14/2005 
10/10/2006 
12/04/2001 
05/09/2006 
02/12/2008 
01/23/2007 
06/20/2006 
10/02/2007 
05/02/2000 
12/25/2001 
11/30/1999 
08/18/1998 
08/15/2000 
06/06/2000 
07/23/2002 
10/11/2005 
01/04/2000 
03/09/2001 
12/10/2002 
09/26/2006 
08/10/2004 
01/10/2006 
05/01/2007 
01/24/2006 
07/19/2005 
12/26/2006 
06/26/2007 



ATTORNEY'S 
DOCKET NO 

D2033-701510 

D2033-702910 

D2033-703719 

D2033-703740 

D2033-703741 

D2033-703819 

P2033^703840 

D2033-703841 

D2033-7039I0 

D2033-704210 

P2033-704319 

D2033-7O4510 

D2033-7050iO 

D2033-705710 

D2033-705810 

D2033-705812 

D2033-706030 

D2033-706040 

D2033-706042 

D2033-7060US 

D2033-706420 

D2033-706241 

D2033-706242 

D2033-706243 

D2033-7062OS 

D2033-706319 

D2033-706340 

D2033-706419 

D2033-706519 

D2O33-706810 

D2033-706910 

D2033-707410 

D2033-707519 

D2033-707920 

D2033-708419 
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SCHEDULE A 



VS. Patent Applications: 



APPLICATION Nn 

60//337.755 
10/313,822 
60/337,482 

60/336,672 
10/309,391 

60/389,032 

10/462,518 

60/362,403 

11/763,251 

60/408,624 

10/656,350 

60/438,491 

10/753,544 

11/774,964 

60/495,005 

60/520,164 

11/838,677 

11/859,178 

60/367,345 

11/303,348 

11/542,881 

60/226,489 

60/226,700 

60/367,645 

60/494,713 

10/916,840 

60/523,745 

10/993,543 

60/598,506 

60/615,721 

11/956,792 

60/546,354 

60/407,004 

11/621,246 

11/930,018 



FILING DATE 

12/07/2001 

12/06/2022 

12/03/2001 

12/05/2001 

12/03/2002 

06/14/2002 

06/14/2003 

03/07/2002 

06/14/2007 

09/05/2002 

09/05/2003 

01/07/2003 

01/07/2004 

07/09/2007 

08/14/2003 

11/14/2003 

08/14/2007 

09/21/2007 

06/19/2000 

01/06/2005 

10/04/2006 

08/18/2000 

08/18/2000 

03/26/2002 

08/12/2003 

12/12/2004 

11/19/2003 

11/19/2004 

08/03/2004 

10/04/2004 

12/14/2007 

02/19/2004 

08/28/2002 

01/09/2007 

10/30/2007 



ATTORNEY'S 
DOCKET NO 

D2033-700200 

D2033-700210 

D2033-700300 

D2033-700301 

D2033-700310 

D2033-701200 

D2033-701210 

D2033-701500 

D2033-70I540 

D2033-701900 

D2033-701910 

D2O33-7O2800 

D2033-702810 

D2033-702840 

D2033-702900 

D2033-702901 

D2033-702920 

D2033-702921 

D2033-703900 

D2033-703920 

D2033-703921 

D2O33-7O420O 

D2033-704400 

D2033-704500 

D2033-704700 

D2033-704710 

D2033-704900 

D2033-704910 

D2033-705000 

D2033-70500I 

D2033-705020 

D2033-705600 

D2033-705700 

D2033-705720 

D2033-705822 
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60/387,239 

60/407,003 

11/322,960 

11/796,272 

11/929,729 

11/860,853 

11/930,012 

11/931,635 

11/931,373 

11/934481 

08/179,964 

11/365,438 

10/016,329 

08/208,265 

11/928,448 

11/928,351 

11/928,497 

11/932,411 

11/083,742 

11/345,031 

60/284,534 

10/125,869 

60/367,373 

60/331 4 352 

60/292,975 

60/326,320 

10/262,646 

60/361,121 

10/378,557 

60/355,547 

1.1/045,477 

60/884,702 

11/972,655 

60/589,967 

10/931,153 

11/458,773 

11/466,979 

11/929,876 

11/929,822 

11/929,685 

11/930,700 

1 1/930,802 

H/930,897 



06/07/2002 

08/28/2002 

12/30/2005 

04/27/2007 

10/30/2007 

09/25/2007 

10/30/2007 

10/31/2007 

10/31/2007 

11/02/2007 

01/11/1994 

03/01/2006 

10/26/2001 

03/10/1994 

10/30/2007 

10/30/2007 

10/30/2007 

10/31/2007 

03/18/2005 

12/31/2006 

04/18/2001 

04/18/2002 

12/23/2000 

03/09/2001 

05/23/2001 

10/01/2001 

09/30/2002 

03/01/2002 

03/03/2003 

02/07/2002 

01/26/2005 

01/12/2007 

01/11/2008 

08/04/2004 

08/30/2004 

07/20/2006 

08/24/2006 

10/30/2007 

10/30/2007 

10/30/2007 

10/31/2007 

10/31/2007 

10/31/2007 



D2033-705800 

D2033-70580I 

D2033-705811 

D2033-705813 

D2033-705814 

D2033-705820 

D2033-705821 

D2033-705824 

D2003-705840 

D2033-705841 

D2033-705919 

D2033-706020 

D2033-706041 

D2033-706219 

D2033-706220 

D2033-706221 

D2033-706222 

D2033-706223 

D2033-706244 

D2Q33-706440 

D2033-706600 

D2033-706610 

D2033-706800 

D2033-706900 

D2033-706901 

D2033-707100 

D2033-707I10 

D2033-707300 

D2033-707310 

D2033-707400 

D2033-707520 

D2033-707600 

D2033-707610 

D2033-707800 

D2033-707810 

D2033-707820 

D2033-707921 

D2033-707922 

D2033-707923 

D2033-707924 

D2033-707925 

D2033-707926 

D2033-707927 
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60/630,226 
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Assignee: DyaxCorp. 
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ANALOGUES THEREOF 



Attachment B 

Package Insert for KALBITOR® 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use 

KALBITOR® safely and effectively. See full prescribing information for 

KALBITOR. 

KALBITOR (ecallantide) 
injection, for subcutaneous use 
Initial U.S. Approval: 2009 



WARNING: ANAPHYLAXIS 
See full prescribing information for complete boxed warning 

Anaphylaxis has been reported after administration of KALBITOR®. 
Because of the risk of anaphylaxis, KALBITOR should only be 
administered by a healthcare professional with appropriate medical 
support to manage anaphylaxis and hereditary angioedema. Healthcare 
professionals should be aware of the similarity of symptoms between 
hypersensitivity reactions and hereditary angioedema and patients should 
be monitored closely. Do not administer KALBITOR to patients with 
known clinical hypersensitivity to KALBITOR [see Contraindications (4), 
Warnings and Precautions (S J), and Adverse Reactions (6)]. 



INDICATIONS AND USAGE 

KALBITOR is a plasma kallikrein inhibitor indicated for treatment of 
acute attacks of hereditary angioedema (HAE) in patients 16 years of 
age and older. (1) 

DOSAGE AND ADMINISTRATION 

30 mg (3 mL), administered subcutaneously in three 10 mg (I mL) 
injections. If an attack persists, an additional dose of 30 mg may be 
administered within a 24 hour period. (2.1) 

KALBITOR should only be administered by a healthcare 
professional with appropriate medical support to manage 
anaphylaxis and hereditary angioedema. (2.2). 



DOSAGE FORMS AND STRENGTHS 

Single use glass vial containing 10 mg/mL of ecallantide as a solution 
for injection. (3) 

CONTRAINDICATIONS 

Do not administer KALBITOR to a patient who has known clinical 
hypersensitivity to KALBITOR. (4) 

WARNINGS AND PRECAUTIONS 

Hypersensitivity Reactions Including Anaphylaxis: Anaphylaxis has 
occurred in 3.9% of treated patients. Administer KALBITOR in a 
setting equipped to manage anaphylaxis and hereditary angioedema. 
Given the similarity in hypersensitivity symptoms and acute HAE 
symptoms, monitor patients closely for hypersensitivity reactions (5). 

ADVERSE REACTIONS 

The most common adverse reactions occurring in >3% of KALBITOR- 
treated patients and greater than placebo are headache, nausea, diarrhea, 
pyrexia, injection site reactions, and nasopharyngitis. (6) 

To report SUSPECTED ADVERSE REACTIONS, contact Dyax Corp. at 
1-888-452-5248 or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch 



See 17 for PATIENT COUNSELING INFORMATION and Medication 
Guide 

Revised: 12/2009 
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FULL PRESCRIBING INFORMATION 



WARNING: ANAPHYLAXIS 

Anaphylaxis has been reported after administration of KALBITOR. Because of the 
risk of anaphylaxis, KALBITOR should only be administered by a healthcare 
professional with appropriate medical support to manage anaphylaxis and 
hereditary angioedema. Healthcare professionals should be aware of the similarity 
of symptoms between hypersensitivity reactions and hereditary angioedema and 
patients should be monitored closely. Do not administer KALBITOR to patients 
with known clinical hypersensitivity to KALBITOR. [see Contraindications (4), 
Warnings and Precautions (5.1), and Adverse Reactions (6)] 

1 INDICATIONS AND USAGE 

KALBITOR® (ecallantide) is indicated for treatment of acute attacks of hereditary 
angioedema (HAE) in patients 16 years of age and older. 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing 

The recommended dose of KALBITOR is 30 mg (3 mL), administered subcutaneously in 
three 10 mg (1 mL) injections. If the attack persists, an additional dose of 30 mg may be 
administered within a 24 hour period. 

2.2 Administration Instructions 

KALBITOR should only be administered by a healthcare professional with appropriate 
medical support to manage anaphylaxis and hereditary angioedema. 

KALBITOR should be refrigerated and protected from the light. KALBITOR is a clear, 
colorless liquid; visually inspect each vial for particulate matter and discoloration prior to 
administration. If there is particulate matter or discoloration, the vial should not be used. 

Using aseptic technique, withdraw 1 mL (10 mg) of KALBITOR from the vial using a 
large bore needle. Change the needle on the syringe to a needle suitable for subcutaneous 
injection. The recommended needle size is 27 gauge. Inject KALBITOR into the skin of 
the abdomen, thigh, or upper arm. Repeat the procedure for each of the 3 vials 
comprising the KALBITOR dose. The injection site for each of the injections may be in 
the same or in different anatomic locations (abdomen, thigh, upper arm). There is no 
need for site rotation. Injection sites should be separated by at least 2 inches (5 cm) and 
away from the anatomical site of attack. 

The same instructions apply to an additional dose administered within 24 hours. Different 
injection sites or the same anatomical location (as used for the first administration) may be 
used. 
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3 DOSAGE FORMS AND STRENGTHS 



KALBITOR is a clear, colorless liquid free of preservatives. Each vial of KALBITOR 
contains ecallantide at a concentration of 10 mg/mL. 

4 CONTRAINDICATIONS 

Do not administer KALBITOR to a patient who has known clinical hypersensitivity to 
KALBITOR. [see Warnings and Precautions (5. 1 )] . 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions, Including Anaphylaxis 

Potentially serious hypersensitivity reactions, including anaphylaxis, have occurred in 
patients treated with KALBITOR, In 255 HAE patients treated with intravenous or 
subcutaneous KALBITOR in clinical studies, 10 patients (3.9%) experienced 
anaphylaxis. For the subgroup of 1 87 patients treated with subcutaneous KALBITOR, 5 
patients (2.7%) experienced anaphylaxis. Symptoms associated with these reactions have 
included chest discomfort, flushing, pharyngeal edema, pruritus, rhinorrhea, sneezing, 
nasal congestion, throat irritation, urticaria, wheezing, and hypotension. These reactions 
occurred within the first hour after dosing. 

Other adverse reactions indicative of hypersensitivity reactions included the following: 
pruritus (5.1%), rash (3.1%), and urticaria (2.0%). 

Patients should be observed for an appropriate period of time after administration of 
KALBITOR, taking into account the time to onset of anaphylaxis seen in clinical trials. 
Given the similarity in hypersensitivity symptoms and acute HAE symptoms, patients 
should be monitored closely in the event of a hypersensitivity reaction. 

KALBITOR should not be administered to any patients with known clinical 
hypersensitivity to KALBITOR [see Contraindications (4)\ 

6 ADVERSE REACTIONS 

Hypersensitivity reactions, including anaphylaxis, have occurred in patients treated with 
KALBITOR [see Contraindications (4) and Warnings and Precautions (5.1)]. 

6.1 Clinical Trials Experience 

Because clinical trials are conducted under varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in practice. 

The safety data described below reflect exposure to KALBITOR in 255 patients with 
HAE treated with either intravenous or subcutaneous KALBITOR. Of the 255 patients, 



3 



66% of patients were female and 86% were Caucasian. Patients treated with KALBITOR 
were between the ages of 10 and 78 years. 

Overall, the most common adverse reactions in 255 patients with HAE were headache 
(16.1%), nausea (12.9%), fatigue (1 1.8%), diarrhea (10.6%), upper respiratory tract 
infection (8.2%), injection site reactions (7.4%), nasopharyngitis (5.9%), vomiting 
(5.5%), pruritus (5.1%), upper abdominal pain (5.1%), and pyrexia (4.7%). Anaphylaxis 
was reported in 3.9% of patients with HAE. Injection site reactions were characterized 
by local pruritus, erythema, pain, irritation, urticaria, and/or bruising. 

The incidence of adverse reactions below is based upon 2 placebo-controlled, clinical 
trials (EDEMA3® and EDEMA4®) in a total of 143 unique patients with HAE. Patients 
were treated with KALBITOR 30 mg subcutaneous or placebo. Patients were permitted 
to participate sequentially in both placebo-controlled trials; safety data collected during 
exposure to KALBITOR was attributed to treatment with KALBITOR, and safety data 
collected during exposure to placebo was attributed to treatment with placebo. Table 1 
shows adverse reactions occurring in >3% of KALBITOR-treated patients that also 
occurred at a higher rate than in the placebo-treated patients in the two controlled trials 
(EDEMA3 and EDEMA4) of the 30 mg subcutaneous dose. 

Table 1: Adverse Reactions Occurring at 53% and Higher than Placebo in 2 Placebo 
Controlled Clinical Trials in Patients with HAE Treated with KALBITOR 



KALBITOR Placebo 

N=100 N=81 

Adverse Reactions n (%) 8 n (°/of~ 

Headache 8 (8%) 6 (7%) 

Nausea 5 (5%) 1 (1%) 

Diarrhea 4 (4%) 3 (4%) 

Pyrexia 4 (4%) 0 

Injection site reactions 3(3%) 1(1%) 

Nasopharyngitis 3 (3%) 0 



a Patients experiencing more than 1 event with the same preferred term are counted only once for that 
preferred term. 

Some patients in EDEMA3 and EDEMA4 received a second, open-label 30 mg 
subcutaneous dose of KALBITOR within 24 hours following the initial dose. Adverse 
reactions reported by these patients who received the additional 30 mg subcutaneous dose 
of KALBITOR were consistent with those reported in the patients receiving a single 
dose. 

6.2 Immunogenicity 

In the KALBITOR HAE program, patients developed antibodies to KALBITOR. Rates 
of seroconversion increased with exposure to KALBITOR over time. Overall, 7.4% of 
patients seroconverted to anti-ecallantide antibodies. Neutralizing antibodies to 
ecallantide were determined in vitro to be present in 4.7% of patients. 
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Anti-ecallantide and anti-P. pastoris IgE antibodies were also detected. Patients who 
seroconvert may be at a higher risk of a hypersensitivity reaction. The long-term effects 
of antibodies to KALBITOR are not known. 

The test results for the ecallantide program were determined using one of two assay 
formats: ELISA and bridging electrochemiluminescence (ECL). As with all therapeutic 
proteins, there is a potential for irnmunogenicity with the use of KALBITOR. The 
incidence of antibody formation is highly dependent on the sensitivity and specificity of 
the assay. Additionally, the observed incidence of antibody (including neutralizing 
antibody) positivity in an assay may be influenced by several factors, including assay 
methodology, sample handling, timing of sample collection, concomitant medications, 
and underlying disease. For these reasons, comparison of the incidence of antibodies to 
KALBITOR with the incidence of antibodies to other products may be misleading. 

7 DRUG INTERACTIONS 

No formal drug interactions studies were performed. No in vitro metabolism studies 
were performed. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Pregnancy Category C 

There are no adequate and well-controlled trials of KALBITOR in pregnant women. 
KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 
Because animal reproductive studies are not always predictive of human response, 
KALBITOR should be used during pregnancy only if clearly needed. 

In rats, intravenous KALBITOR at an intravenous dose approximately 13 times the 
maximum recommended human dose (MRHD) on a mg/kg basis caused increased 
numbers of early resorptions and percentages of resorbed conceptuses per litter in the 
presence of mild maternal toxicity. No development toxicity was observed in rats that 
received an intravenous dose approximately 8 times the MRHD on a mg/kg basis. There 
were no adverse effects of KALBITOR on embryofetal development in rats that received 
subcutaneous doses up to approximately 2.4 times the MRHD on an AUC basis, and in 
rabbits that received intravenous doses up to approximately 6 times the MRHD on an 
AUC basis. 

8.2 Labor and Delivery 

No information is available on the effects of KALBITOR during labor and delivery. 

8.3 Nursing Mothers 

It is not known whether ecallantide is excreted in human milk. Caution should be 
exercised when ecallantide is administered to a nursing woman. 
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8.4 Pediatric Use 



Safety and effectiveness of KALBITOR in patients below 16 years of age have not been 
established. 

8.5 Geriatric Use 

Clinical trials of KALBITOR did not include sufficient numbers of subjects aged 65 and 
over to determine whether they respond differently from younger subjects. In general, 
dose selection for an elderly patient should be cautious, usually starting at the low end of 
the dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac 
function, and of concomitant disease or other drug therapy. 

10 OVERDOSAGE 

There have been no reports of overdose with KALBITOR. HAE patients have received 
single doses up to 90 mg intravenously without evidence of dose-related toxicity. No 
deaths occurred in monkeys that received intravenous or subcutaneous doses up to 25 
mg/kg (approximately 22 times the MRHD on an AUC basis). 

11 DESCRIPTION 

KALBITOR (ecallantide) is a human plasma kallikrein inhibitor for injection for 
subcutaneous use. 

KALBITOR is a clear and colorless, sterile, and nonpyrogenic solution. Each vial 
contains 10 mg ecallantide as the active ingredient, and the following inactive ingredients: 
0.76 mg disodium hydrogen orthophosphate (dihydrate), 0.2 mg monopotassium 
phosphate, 0.2 mg potassium chloride, and 8 mg sodium chloride in water for injection, 
USP. KALBITOR is preservative free, with a pH of approximately 7.0. A 30 mg dose is 
supplied as 3 vials each containing 1 mL of 10 mg/mL KALBITOR. Each vial contains a 
slight overfill. Vials are intended for single use. Ecallantide is a 60-amino-acid protein 
produced in Pichia past oris yeast cells by recombinant DNA technology. 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 

Hereditary angioedema (HAE) is a rare genetic disorder caused by mutations to 
Cl-esterase-inhibitor (Cl-INH) located on Chromosome 1 lq and inherited as an 
autosomal dominant trait. HAE is characterized by low levels of Cl-INH activity and 
low levels of C4. Cl-INH functions to regulate the activation of the complement and 
intrinsic coagulation (contact system pathway) and is a major endogenous inhibitor of 
plasma kallikrein. The kallikrein-kinin system is a complex proteolytic cascade involved 
in the initiation of both inflammatory and coagulation pathways. One critical aspect of 
this pathway is the conversion of High Molecular Weight (HMW) kininogen to 
bradykinin by the protease plasma kallikrein. In HAE, normal regulation of plasma 
kallikrein activity and the classical complement cascade is therefore not present. During 
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attacks, unregulated activity of plasma kallikrein results in excessive bradykinin 
generation. Bradykinin is a vasodilator which is thought by some to be responsible for 
the characteristic HAE symptoms of localized swelling, inflammation, and pain. 

KALBITOR is a potent (Ki = 25 pM), selective, reversible inhibitor of plasma kallikrein. 
KALBITOR binds to plasma kallikrein and blocks its binding site, inhibiting the 
conversion of HMW kininogen to bradykinin. By directly inhibiting plasma kallikrein, 
KALBITOR reduces the conversion of HMW kininogen to bradykinin and thereby treats 
symptoms of the disease during acute episodic attacks of HAE. 

12.2 Pharmacodynamics 

No exposure-response relationships for KALBITOR to components of the complement or 
kallikrein-kinin pathways have been established. 

The effect of KALBITOR on activated partial thromboplastin time (aPTT) was measured 
because of potential effect on the intrinsic coagulation pathway. Prolongation of aPTT 
has been observed following intravenous dosing of KALBITOR at doses >20 mg/m 2 . At 
80 mg administered intravenously in healthy subjects, aPTT values were prolonged 
approximately two-fold over baseline values and returned to normal by 4 hours post- 
dose. 

For patients taking KALBITOR, no significant QT prolongation has been seen. In a 
randomized, placebo-controlled trial (EDEMA4) studying the 30 mg subcutaneous dose 
versus placebo, 12-lead ECGs were obtained at baseline, 2 hours and 4 hours post-dose 
(covering the time of expected C max ), and at follow-up (day 7). ECGs were evaluated for 
PR interval, QRS complex, and QTc interval. KALBITOR had no significant effect on 
the QTc interval, heart rate, or any other components of the ECG. 

12.3 Pharmacokinetics 

Following the administration of a single 30 mg subcutaneous dose of KALBITOR to 
healthy subjects, a mean (± standard deviation) maximum plasma concentration of 
586 ± 106 ng/mL was observed approximately 2 to 3 hours post-dose. The mean area 
under the concentration-time curve was 3017 ± 402 ng*hr/mL. Following 
administration, plasma concentration declined with a mean elimination half-life of 
2.0 ± 0.5 hours. Plasma clearance was 153 ± 20 mL/min and the volume of distribution 
was 26.4 ± 7.8 L. Based on a population pharmacokinetic analysis, body weight, age, 
and gender were not found to affect KALBITOR exposure significantly. Ecallantide is a 
small protein (7054 Da) and renal elimination in the urine of treated subjects has been 
demonstrated. 

No pharmacokinetic data are available in patients or subjects with hepatic or renal 
impairment. 
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13 NONCLINICAL TOXICOLOGY 



1 3.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

There are no animal or human studies to assess the carcinogenic or mutagenic potential of 
KALBITOR (ecallantide). 

KALBITOR had no effects on fertility and reproductive performance in rats at 
subcutaneous doses up to 25 mg/kg/day (approximately 21 times the MRHD on a mg/kg 
basis). 

13.2 Animal Toxicology 

Reproductive Toxicology Studies 

KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 

Treatment of rats with an intravenous dose of 15 mg/kg/day (approximately 13 times the 

MRHD on a mg/kg basis) caused increased numbers of early resorptions and percentages 

of resorbed conceptuses per litter in the presence of mild maternal toxicity. However, no 

development toxicity was observed in rats that received an intravenous dose of 

10 mg/kg/day (approximately 8 times the MRHD on a mg/kg basis). KALBITOR was 

not teratogenic in rats at subcutaneous doses up to 20 mg/kg/day (approximately 

2.4 times the MRHD on an AUC basis) and rabbits that received intravenous doses up to 

5 mg/kg/day (approximately 6 times the MRHD on an AUC basis). 

14 CLINICAL STUDIES 

The safety and efficacy of KALBITOR was evaluated in 2 randomized, double-blind, 
placebo-controlled trials (EDEMA4 and EDEMA3) in 168 patients with HAE. Patients 
having an attack of hereditary angioedema, at any anatomic location, with at least 1 
moderate or severe symptom, were treated with 30 mg subcutaneous KALBITOR or 
placebo. Because patients could participate in both trials, a total of 143 unique patients 
participated. Of the 143 patients, 94 were female, 123 were Caucasian, and the mean age 
was 36 years. There were 64 patients with abdominal attacks, 55 with peripheral attacks, 
and 24 with laryngeal attacks. 

In both trials, the effects of KALBITOR were evaluated using the Mean Symptom 
Complex Severity (MSCS) score and the Treatment Outcome Score (TOS). These 
measures evaluated the severity of attack symptoms at all anatomical locations 
(MSCS score) and response to therapy (TOS). 

MSCS score is a point-in-time measure of symptom severity. At baseline, 4 hours, and 
24 hours, patients rated the severity on a categorical scale (0 = normal, 1 = mild, 
2 = moderate, 3 = severe) for symptoms at each affected anatomical location. Ratings 
were averaged to obtain the MSCS score. A decrease in MSCS score reflected an 
improvement in symptoms. 
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TOS is a measure of symptom response to treatment. At 4 hours and 24 hours, patient 
assessment of response characterized by their change from baseline in symptom severity 
and collected by anatomic site of attack involvement, was recorded on a categorical scale 
(significant improvement [100], improvement [50], same [0], worsening [-50], significant 
worsening [-100]). The response at each anatomic site was weighted by baseline severity 
and then the weighted scores across all involved sites were averaged to calculate the 
TOS. A TOS value >0 reflected an improvement in symptoms from baseline. 

EDEMA4 

EDEMA4 was a randomized, double-blind, placebo-controlled trial in which 96 patients 
were randomized 1 :1 to receive KALBITOR 30 mg subcutaneous or placebo for acute 
attacks of HAE. The primary endpoint was the change from baseline in MSCS score at 4 
hours, and the TOS at 4 hours was a key secondary endpoint. Patients treated with 
KALBITOR demonstrated a greater decrease from baseline in the MSCS than placebo 
and a greater TOS than patients with placebo and the results were statistically significant 
(Table 2). At 24 hours, patients treated with KALBITOR also demonstrated a greater 
decrease from baseline in the MSCS than placebo (-1 .5 vs. - 1 . 1 ; p = 0 04) and a greater 
TOS (89 vs. 55, p = 0.03). 



Table 2: Change in MSCS Score and TOS at 4 Hours 

EDEMA4 EDEMA3 
KALBITOR Placebo KALBITOR Placebo 
0*=48) (N=48) (N=36) (N=36) 

Change in MSCS Score at 4 Hours 



n 47 42 34 35 

Mean -0.8 -0.4 -1.1 _0 6 

95% CI -1.0,-0.6 -0.6,-0.1 -1.4,-0.8, -0.8-0 4 

P-value 0.010 0.041 

TOS at 4 Hours 

n 47 42 34 35 

Mean 53 8 63 36 

95% CI 39,68 -12,28 49,76 17 54 

P-value 0.003 0.045 



MSCS: Mean Symptom Complex Severity 
TOS: Treatment Outcome Score 
CI: confidence interval 



More patients in the placebo group (24/48, 50%) required medical intervention to treat 
unresolved symptoms within 24 hours compared to the KALBITOR-treated group 
(16/48,33%). 

Some patients reported improvement following a second 30 mg subcutaneous dose of 
KALBITOR, administered within 24 hours following the initial dose for symptom 
persistence or relapse, but efficacy was not systematically assessed for the second dose. 
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EDEMA3 



EDEMA3 was a randomized, double-blind, placebo-controlled trial in which 72 patients 
were randomized 1 : 1 to receive KALBITOR or placebo for acute attacks of HAE. 
EDEMA3 was similar in design to EDEMA4 with the exception of the order of the 
prespecified efficacy endpoints. In EDEMA3, the primary endpoint was the TOS at 
4 hours, and the key secondary efficacy endpoint was the change from baseline in MSCS 
at 4 hours. As in EDEMA4, patients treated with KALBITOR demonstrated a greater 
decrease from baseline in the MSCS than placebo and a greater TOS than patients treated 
with placebo and the results were statistically significant (Table 2). 

In addition, more patients in the placebo group (13/36, 36%) required medical 
intervention to treat unresolved symptoms within 24 hours compared to the 
KALBITOR-treated group (5/36, 14%). 

16 HOW SUPPLIED/STORAGE AND HANDLING 

KALBITOR (ecallantide) is supplied as three 10 mg/mL single-use vials packaged in a 
carton. Each vial contains 10 mg of ecallantide. Each vial contains a slight overfill. 

• NDC (47783-101-01): 3 single-use vials in 1 carton 

KALBITOR should be kept refrigerated (2°C to 8°C/36°F to 46°F). Vials removed from 
refrigeration should be stored below 86°F/30°C and used within 14 days or returned to 
refrigeration until use. 

Protect vials from light until use. 

Do not use beyond the expiration date. 

17 PATIENT COUNSELING INFORMATION 

See Medication Guide 

• Patients should be advised that KALBITOR may cause anaphylaxis and other 
hypersensitivity reactions. Patients should be advised that KALBITOR should be 
administered by a healthcare professional with appropriate medical support to 
manage anaphylaxis and hereditary angioedema. Patients who have known 
clinical hypersensitivity to KALBITOR should be instructed not to receive 
additional doses of KALBITOR. [see Boxed Warning, Contraindications (4), and 
Warnings and Precautions (5 J)] 

• Patients should be advised to consult the Medication Guide for additional 
information regarding the risk of anaphylaxis and other hypersensitivity reactions. 
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Medication Guide 
KALBITOR® (KAL-bi-tor) 
(ecallantide) 

Read this Medication Guide before you start receiving KALBITOR and before each 
treatment. There may be new information. This Medication Guide does not take the 
place of talking to your doctor about your medical condition or your treatment. 

What is the most important information that I should know about KALBITOR? 

Serious allergic reactions may happen in some people who receive KALBITOR. These 
allergic reactions can be life-threatening and usually happen within 1 hour after receiving 
KALBITOR. 

• KALBITOR should be given to you by a doctor or nurse in a healthcare setting 
where serious allergic reactions and hereditary angioedema (HAE) can be treated. 

• Symptoms of a serious allergic reaction to KALBITOR can be similar to the 
symptoms of HAE, the condition that you are being treated for. Your doctor or 
nurse should watch you for any signs of a serious allergic reaction after treatment 
with KALBITOR. 

• Tell your doctor or nurse right away if you have any of these symptoms of a 
serious allergic reaction during or after treatment with KALBITOR: 

■ wheezing, shortness of breath, cough, chest tightness, or trouble 
breathing 

■ dizziness, fainting, fast or weak heartbeat, or feeling nervous 

■ reddening of the face, itching, hives, or feeling warm 

■ swelling of the throat or tongue, throat tightness, hoarse voice, or 
trouble swallowing 

■ runny nose or sneezing 

What is KALBITOR? 

KALBITOR is a prescription medicine used to treat sudden attacks of hereditary 

angioedema (HAE). 

KALBITOR is not a cure for HAE. 

It is not known if KALBITOR is safe and effective in children under 16 years of age. 

Who should not receive KALBITOR? 

Do not receive KALBITOR if you are allergic to KALBITOR. 

What should I tell my doctor before I receive KALBITOR? 

Before receiving KALBITOR, tell your doctor if you: 

• have ever had an allergic reaction to KALBITOR. See "Who should not take 
KALBITOR?" 

• are pregnant or plan to become pregnant. It is not known if KALBITOR will harm 
your unborn baby. 

• are breast-feeding or plan to breast-feed. It is not known if KALBITOR passes into 
your breast milk. 
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Tell your doctor about all the medicines you take, including prescription and 
non-prescription medicines, vitamins, and herbal supplements. 

Know the medicines you take. Keep a list of them to show to your doctor and pharmacist 
when you get a new medicine. 

How will I receive KALBITOR? 

For each dose, you will receive 3 injections just under the skin (subcutaneous or 
SC injections) of your abdomen, thigh, or upper arm. 

What are the possible side effects? 

KALBITOR can cause serious allergic reactions. See "What is the most 
important information I should know about KALBITOR? 11 ). 

Common side effects of KALBITOR include: 

• headache 

• nausea 

• diarrhea 

• fever 

• injection site reactions, such as redness, rash, swelling, itching, or bruising 

• stuffy nose 

Call your doctor for advice about side effects. You may report side effects to FDA at 
1-800-FDA-1088. 

General information about KALBITOR 

Medicines are sometimes prescribed for purposes other than those listed in a Medication 
Guide. This Medication Guide gives you the most important information about 
KALBITOR. If you would like more information, talk with your doctor. You can ask 
your pharmacist or doctor for information about KALBITOR that is written for health 
professionals. 

What are the ingredients of KALBITOR? 

Active Ingredient: ecallantide 

Inactive ingredients: disodium hydrogen orthophosphate (dihydrate), monopotassium 
phosphate, potassium chloride, sodium chloride in water for injection. 

Manufactured for: Dyax Corp. 

300 Technology Square, Cambridge, MA 02139 
Issued December 2009 

This Medication Guide has been approved by the U.S. Food and Drug Administration. 
U.S. License No. 1789 
©2009 Dyax Corp. 
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FIGURE 3A 



SEQ ID 2: (amino acids 3- 

SBQ ID 4: 

SEQ ID 5: 

SEQ ID 6: 

SEQ ID 7: 

SEQ ID 8: 

SEQ ID 9: 

SEQ ID 10: 

SEQ ID 11: 

SEQ ID 12: 

SEQ ID 13: 

SEQ ID 14: 

SEQ ID 15: 

SEQ ID 16: 

SEQ ID 17: 

SEQ ID 18: 

SEQ ID 19: 

SEQ ID 20: 

SEQ ID 21: 

SEQ ID 22: 

BPTI (SEQ ID 29) : 

ITI-D1 (SEQ ID 30) : 

ITI-D2 (SEQ ID 31) : 

LACI-D1 (SEQ ID 32) : 

LACI-D2 (SEQ ID 33) : 

LACI-D3 (SEQ ID 34) ; 

HKI B9 (SEQ ID 35) : 

03 (SEQ ID 36): 
TFPI-2 Dl (SEQ ID 37) : 
TFPI-2 D2 (SEQ ID 38): 
TFPI-2 D3 (SEQ ID 39) : 
APP-I (SEQ ID 40) : 
BpiNE7 (SEQ ID 41) : 
BITI-B7-141 (SEQ ID 42) : 
MUTT26A (SEQ ID 43) : 
MUTQE (SEQ ID 44): 
MUT1619 (SEQ ID 45) : 
BPI-HNE-1 (SEQ ID 46) 
BPI-HNB-2 (SEQ ID 47) 
EPI-HNE-3 (SEQ ID 48) 
EPI-HNE-4 (SEQ ID 49) 
DPI14 KR (SEQ ID 50) 
DPI24 KR (SEQ ID 51) 
DPI68 KR (SEQ ID 52) 
DPI84 KR (SEQ ID 53) 



60) MHS FCAFKA- DDG PCRAAH PRWFFNI FTRQCBEFIYGG 

MHS FCAFKA- DDGPCKANHLRFPFNI FTRQCBEFSYGG 

MHSFCAFKA-DDGHCKANHQRFFFNIFTRQCREFTYGG 

MHSFCAFKA- DDGHCKANHQRFFFNI FTRQCBQFTYGG 

MHSFCAFKA- DDGHCKASLPRFFFNI FTRQCBEFIYGG 

MHSFCAFKA- DDGHCKANHQRFFFNI FTRQCEBFSYGG 

MHSFCAKFA-DDGHCKGAHLRFFFNI FTRQCBEFIYGG 

MHSPCAPKA-DDGRCKGAHLRFFFNI FTRQCBEFIYGG 

MHS FCAFKA - DGGRCRGAHPRWF FN I FTRQCEBFSYGG 

MHSFCAFKA- DDG PCRAAH PRWFFNI FTRQCEBFSYGG 

MHSFCAFKA- DVGRCRGAHPRWFFNI FTRQCBEFSYGG 

MHSFCAFKA- DVGRCRGAQPRFFFNIFTRQCEEFSYGG 

MHS FCAFKA- DDGSCRAAHLRWFFKI FTRQCBEFSYGG 

MHSFCAFKA- EGGSCRAAHQRWFFNI FTRQCEBFSYGG 

MHSFCAFKA-DDGPCRGAHLRFFFNI FTRQCEBFSYGG 

MHSFCAFKA-DDGHCRGALPRWFFMI FTRQCEBFSYGG 

MHSFCAFKA- DSGNCRGNLPRFFPNI FTRQCBEFSYGG 

MHSFCAFKA-DSGRCRGNHQRFFFNI FTRQCBEFSYGG 

MHSFCAFKA- DGGRCRAIQPRWFFNI FTRQCBEFSYGG 

MHSFCAFKA- DDGRCRGAHPRWFFNI FTRQCBEFSYGG 

RPDFCLBPP-YTGPCKARIIRYFYNAKAGLCQTFVYGG 

KBDSCQLGY - SAG PCMGMTS R Y F Y NGTSMACBT FQYGG 

TVAACNLPI - VRG PCRAF IQLWAF DAVKGKCVL F PYGG 

MHS FCAFKA- DDGPCKA IMKRFF FN I FTRQCEE F I YGG 

KFDFCFLEE- DPG I CRGY ITRYF YNNQTKQCER FKYGG 

GPSWCLTPA-DRGLCRANBNRFYYNSVIGKCRPFKYSG 

I»PNVCAFPM-EKGPCQTYMTRWPFNFBTGECBLPAYGG 

ETDICKLPK-DEGTCRDFILKWYYDPNTKSCARFWYGG 

NABICLLPL-DYGPCRALLLRYYYDRYTQSCRQFLYGG 

VPKVCRLQVSVDDQCEGSTEKYFFNLSSMTCBKFFSGG 

1 PSFCYSPK-DEGLCSANVTRYYFHPRYRTCDAFTYTG 

RNRBVCSEQA - ETGPCRAMI SRWYFDVTBGKCAPFFYGG 

RPDFCLEPP-YTGPCVAMFPRYFYWAKAGLCQTFVYGG 

RPDFCQLGY -SAGPCVAMFPR YFYWGTSMACQTFVYGG 

RPDFCQLGY -SAGPCVAMFPRYFYWGASMACQTFVYGG 

RPDFCQLGY - SAGPCVAMFPR YFYNGTSMACETFVYGG 

RPDFCQLGY-SAGPCVGMFSRYFYNGTSMACQTFVYGG 

EAEARPDFCLEPP- YTGPCIAFFPRYFYNAKAGLCQTFVYGG 

AACWLPI -VRGPCIAFFPRWAFDAVKGKCVLFPYGG 

AACNLPI - VRGPCIAFFPRWAFDAVKGKCVLFPYGG 

BACNLP I - VRGPCIAFFPRWAFDAVKGKCVLFPYGG 

--EAVREVCSEQA-BTGPCIAFFPRWYFDVTEGKCAPFPYGG 

- - EAMAE I CLLPL - DYGPCI AFFPR YYYDRYTQSCRQFLYGG 

- -EAKPDFCFLEB- DPGICIGFFPRYFYWNQAKQCERFVYGG 

- • EAETD I CKLPK - DBGTCI AFFPRWYYDPNTKSCARFVYGG 
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FIGURE 3B 



SEQ ID 2: (COnt.) 
SEQ ID 4: (cont.) 
SEQ ID S: (cont.) 
SEQ ID 6: (cont.) 
SEQ ID ?: (cont.) 
SEQ ID 8: (cont. ) 
SEQ ID 9: (cont. ) 
SEQ ID 10: (cont.) 
SEQ ID 11: (cont.) 
SEQ ID 12-. (cont.) 
SEQ ID 13: (cont.) 
SCO ID 14: (cont.) 
SEQ ID 15: (cont.) 
SEQ ID 16: (cont.) 
SEQ ID 17; (cont.) 
SEQ ID 18; (cont.) 
SEQ ID 19: (cont.) 
SEQ ID 20: (cont.) 
SEQ ID 21: (cont.) 
SEQ ID 22: (cont . ) 
BPTI (SEQ ID 29) : (cont. 
ITI-D1 (SEQ ID 30): (cont. 
ITI-D2 (SEQ ID 31) : (cont. 
LACI-Dl (SEQ ID 32): (cont. 
IACI-D2 (SEQ ID 33) : (cont. 
LACI-D3 (SEQ ID 34): (cont. 
HXI B9 (SEQ ID 35) : (cont . 

03 (SEQ ID 36): (cont. 
TFPI-2 Dl (SEQ ID 37): (cont. 
TFPI-2 D2 (SEQ ID 38): (cont . 
TFPI-2 D3 (SEQ ID 39> r (cont. 
APP-I (SEQ ID 40): (cont. 
EpiNB7 (SEQ ID 41): (cont. 
BITI-B7-141 (SEQ ID 42) ; (cont. 
MUTT26A (SEQ ID 43): (cont. 
MUTQE (SEQ ID 44): (cont. 
MUT1619 (SEQ ID 45): (cont. 
EPI-HNB-1 (SEQ ID 46) : (cont. 
BPI-HNE-2 (SEQ ID 47): (cont . 
EPI-HNE-3 (SEQ ID 48): (cont. 
BPI-HNB-4 (SEQ ID 49): (cont. 
DPI 14 KR (SEQ ID 50) : (cont . 
DPI24 KR (SEQ ID 51): (cont. 
DPI68 KR (SEQ ID 52): (cont. 
DPI84 KR (SEQ ID 53): (cont. 



CEGNQ- -NRFESLEECKKMCTRD 
OGGNQ- - NRPESLEECKKMCTRD 
CGGNQ- - NRPESLEECKKMCTRD 
CAGNQ - - NRPESLEECKKMCTRD 
CGGNQ- -NRFESLEECKKMCTRD 
CGGNQ- -NRPESLEECKKMCTRD 
CEGNQ- -NRFESLEECKKMCTRD 
CEGNQ- - NRPESLEECKKMCTRD 
CGGNQ- - NRPESLEECKKMCTRD 
CGGNQ- - NRPESLEECKKMCTRD 
CGGNQ- -NRFESLBECKKMCTRD 
CGGNQ- -NRFESLEECKKMCTRD 
CGGNQ- -NRPESLEECKKMCTRD 
CGGNQ - - NRFESLEECKKMCTRD 
CGGNQ- -HRFESLEBCKKMCTRD 
CGGNQ- - NRFESLEECKKMCTRD 
CGGNQ- -NRFESLEECKKMCTRD 
CGGNQ- - NRFESLEECKKMCTRD 
CGGNQ- -NRFESLEECKKMCTRD 
CGGNQ- -NRFESLEECKKMCTRD 
CRAKR- -NNPKSAEDCMRTCGGA 
CMGNG- -NNFVTEKBCLQTCRTV 
CQGNG- - NKFYSEKBCRBYCGVP 
CEGNQ- -NRFESLEECKKMCTRD 
CLGNM- - NNFETLEECKNICEDG 
CGGNE- -NNFTSKQECLRACKKG 
CGGNS- - NNFLRKBKCEKFCKFT 
CGGNE- - NKFGSQKECEKVCAPV 
CBGNA- - NNFYTWEACDDACWRI 
CHRNRI ENRFPDEATCMGFCAPK 
CGGND- -NNFVSREDCKRACAKA 
CGGNR- - NNFDTEBYCMAVCGSA 
CMGNG - - NNPKSAEDCMRTCGGA 
CMGNG- -NNFVTBKDCLQTCRGA 
CMGNG- -NNPVTBKDCLQTCRGA 
CMGNG- -NNFVTEKDCLQTCRGA 
CMGNG- -NNFVTEKDCLQTCRGA 
CMGNG- -NNPKSAEDCMRTCGGA 
CQGNG- - NKFYSEKBCRBYCGVP 
CQGNG- -NKPYSEKECREYCGVP 
CQGNG- - NKFYSEKECREYCGVP 
CGGNR- -NNFDTEEYCMAVCGSA 
CBGNA- -NNFYTWEACDDACWRI 
CLGNM- -NNFETLEECKNICEDG 
CGGNE- -NKFGSQKECEKVCAPV 
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PREVENTION AND REDUCTION OF BLOOD actions upon the fibrinolytic pathway. There is concern not 

LOSS only over such hyperacute events as major vessel thrombosis 

ocr *Tcr> * nn . t/~s A ™„ T m 1116 perioperative period, but also over graft patency after 

RELATED APPLICATION the CABG procedure. Furthermore, as a naturally occurring 
~ , 5 P rote ' n obtained from bovine lung, administration of apro- 

m ,nfi 0n «,T! the ^ e, !±, ofUS - a PP lication Ser - ti^in >n humans can elicit severe hypersensitivity or ana- 

SftJSX '1- L ^ *"£ t' 20 j»' ^ US - Pat No - phylacticora M phylactoidreactionsXrthef5rstand,more 

7,064,107, which claims the benefit from U.S. Provisional often, after repeat administration to patients. This is particu- 

Apphcation No. 60/387,239, filed Jun. 7, 2002, and U.S. laxly of concern in the large number of patients who have 
Provisional Application No. 60/407,003, filed Aug. 28, 10 repeat CABG procedures. In addition, there is an increasing 

..... r , , P uo,ic concern regarding use of material derived from 

Ine entire teachings of the above applications are incor- bovine sources as a potential vector for the transmission of 

porated herein by reference. bovine spongiform encephalopathy to humans. 

nArwnwra run ™ tud anmwriAxt 11,656 concems make dear that a need remains for more 

BACKGROUND OF THE INVENTION 1S effective and more specific means and methods for prevent- 

..^^ „ ,.. ing or reducing perioperative blood loss and the onset of SIR 

Proteases are involved in a broad range of biological m a patient subjected to surgery resulting in activation of the 

JlSir^ Pleases ^ M]i ^ QA& ^ as ^ ^ | -a I a. 

plasmin, elastase, urokinase plasminogen activator, throm- replacement. p 

bin, human lipoprotein-associated coagulation inhibitor, and 20 

coagulation factors such as factors Vila, IXa, Xa, XIa, and SUMMARY OF THE INVENTION 
Xlla have been implicated in pathways affecting blood flow, 

e.g., general and focal ischemia, tumor invasion, fibrinoly- This invention is based on the discovery of peptides that 
sis, perioperative blood loss, ar^ mflammation. Inhibitors of inhibit serine proteases. Serine proteases such as, for 

specific serine proteases, therefore, have received attention 25 example, kallikrein, are involved in, for example, pathways 

as potential drug targets for various ischemic maladies. leading to excessive perioperative blood loss and the onset 

ati ^c U J 1 v! t0r ' ap ^T ^ b T a ? panCle " of s >' stemic inflammatory response. Preferred kallikrein 

atic trypsin inhibitor or BPTI), obtained from bovine lung, peptide inhibitors include those described in U S Pat Nos 

has been approved in the United States for prophylactic use 6,333,402 and 6,057,287 to Markland et al., the contents of 

ui reducing perioperative blood loss and the need for trans- 30 which are incorporated herein by reference in their entirety 

fusion m patients undergoing cardiopulmonary bypass The invention is directed in part to the use of the peptides m 

(CPB), e.g., m the course of a coronary artery bypass therapeutic methods and compositions suitable for use in 

grafting procedure. Aprotmm is conimercially available eliminating or reducing various ischemias, including but not 

under the tradename TRASYLOL® (Bayer Corporation limited to perioperative blood loss, and tte onset of fystemL 

Pharmaceutical Division, West Haven, Conn.) and was 35 inflammatory response. Perioperative blood loss results 

previously approved for use to treat pancreatitis. The effec- from invasive surgical procedures that lead to contact acti- 

hveness of aprotmm is associated with its relatively non- vation of complement components and the coagulation/ 

specific abilities to inhibit a variety of serine proteases, fibrinolysis systems. More specifically, the invention pro- 

including plasma kallikrein and plasmin. These proteases vides methods of using kallikrein inhibitors to reduce or 

are important ,n a number of pathways of the contact 40 prevent perioperative blood loss and a systemic inflamma- 

™7 '° n - v u n( ^ ^ u , , tory response in patients subjected to invasive surgical 

1S "Mtially activated when whole blood contacts the procedures, especially cardiothoracic surgeries 

S£? ° f S° reigrl J U K S,rateS ^ e \ ka f^ glaSS ' dex,ran In °* e embodiment, the invention is directed to a method 

sulfate, or damaged bone surfaces). Kallikrein, a serine for preventing or reducing ischemia in a patient comprising 

protease, is a plasma enzyme that initiates the CAS cascade 45 administering to the patient a composition comprising a 

leading to activation of neutrophils, plasmin, coagulation, polypeptide comprising the amino acid sequence: Xaal 

and various kinins. Kallikrein is secreted as a zymogen Xaa2Xaa3Xaa4 Cys Xaa6Xaa7Xaa8Xaa9Xaal0 Xaal 1 

(pre-kalhkrein) that circulates as an inactive molecule until Gly Xaal3 Cys Xaal5 Xaal6 Xaal7 Xaal8 Xaal9 Xaa20 

activated by a proteolytic event early in the contact activa- Xaa21 Xaa22 Xaa23 Xaa24 Xaa25 Xaa26 Xaa27 Xaa28 

tion cascade. Clearly, specific inhibition of kallikrein would 50 Xaa29 Cys Xaa31 Xaa32 Phe Xaa34 Xaa35 Gly Gly Cvs 

f r^ D 3 ^T eaPP ^ ht0CO,ItolblO0dlOSSaSS0ciated Xaa39 Xaa4 ° X 3341 Xaa4 2 Xaa43 Xaa44 Xaa45 Xaa46 

with CPB and the onset of systemic inflammatory response Xaa47 Xaa48 Xaa49 Xaa50 Cys Xaa52 Xaa53 Xaa54 Cys 

(SIR) as would be encountered during, for example, various Xaa56 Xaa57 Xaa58 (SEQ ID NO:l), wherein Xaal Xaa2 

invasive surgical procedures. Xaa3, Xaa4, Xaa56, Xaa57 or Xaa58 are each mdividually' 

Despite being the only licensed compound for preventing 55 an amino acid or absent; XaalO is an amino acid selected 

perioperative blood loss in CPB for coronary artery bypass from the group consisting of: Asp and Glu; Xaall is an 

grafting (CABG) procedures, aprotinin is not as widely used amino acid selected from the group consisting of Asp Gly 

as would be expected. There are serious concerns regarding Ser, Val, Asn, lie, Ala and Thr, Xaal3 is an amino acid 

the use of this bovine polypeptide in patients who require selected from the group consisting of Arg, His Pro Asn 

CPB and in particular the use of this compound in CABG 60 Ser, Thr, Ala, Gly, Lys and Gin; XaalS is an amino acid 

procedures. Aprotinin is not specific for kallikrein, but selected from the group consisting of: Arg Lys Ala, Ser 

interacts with additional enzymes (e.g, plasmin) in multiple Gly, Met, Asn and Gin; Xaal 6 is an amino aci'd selected 

pathways. Thus, the mechanism of action of aprotinin is from the group consisting of: Ala, Gly, Ser, Asp and Asn- 

largely speculative, and the lack of precise understanding of Xaal7 is an amino acid selected from the group consisting' 

what is affected during aprotinin treatment produces the risk 65 of: Ala, Asn, Ser, lie, Gly, Val, Gin and Thr Xaa 18 is an 

of complications during treatment. One frequently cited amino acid selected from the group consisting of: His Leu 

complication is uncontrolled thrombosis, due to aprotinin's Gin and Ala; Xaa 19 is an amino acid selected from the group' 
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consisting of: Pro, Gin, Leu, Asn and He; Xaa21 is an amino of: Tyr, Trp and Phe; Xaa39 is an amino acid selected from 
acid selected from the group consisting of: Trp, Phe, Tyr, His the group consisting of: Glu, G!y, Ala, Ser and Asp; Xaa40 
and He; Xaa22 is an amino acid selected from the group is an amino acid selected from the group consisting of: Gly 
consisting of: Tyr and Phe; Xaa23 is an amino acid selected and Ala; Xaa43 is an amino acid selected from the group 
from the group consisting of: Tyr and Phe; Xaa31 is an 5 consisting of: Asn and Gly; Xaa45 is an amino acid selected 
amino acid selected from the group consisting of: Glu, Asp, from the group consisting of: Phe and Tyr, and wherein the 
fain, Asn, Ser, Ala, Val, Leu, He and Thr, Xaa32 is an amino polypeptide inhibits kallikrein. In a particular embodiment 
acid selected from the group consisting of: Glu, Gin, Asp the surgical procedure can be a cardiothoracic surgery such 
Asn, Pro, Thr Leu, Ser, Ala, Gly and Val; Xaa34 is an amino as, for example, cardiopulmonary bypass or coronary artery 
acid selected from me group consisting of: Thr, lie, Ser, Val, 10 bypass grafting. In a particular embodiment, individual 
Ala, Asn, Gly and Leu; Xaa35 is an amino acid selected amino acid positions of SEQ ID NO:l can be one or more 
from the group consisting of: Tyr, Trp and Phe; Xaa39 is an of the following: XaalO is Asp, Xaall is Asp, Xaal3 is Pro 
amino acid selected from the group consisting of: Glu, Gly, Xaal5 is Arg, Xaal6 is Ala, Xaal7 is Ala, Xaal8 is His' 
Ala, SerandAsp; Xaa40is an amino acid selected from the XaaI9 is Pro, Xaa21 is Trp, Xaa31 is Glu Xaa32 is Glu' 
group consisting of: Gly and Ala; Xaa43 is an amino acid is Xaa34 is lie, Xaa35 is Tyr, Xaa39 is Ghi 
selected from the group consisting of: Asn and Gly; Xaa45 In yet another embodiment, the invention is directed to a 
is an amino acid selected from the group consisting of: Phe method for preventing or reducing the onset of systemic 
and Tyr; and wherein the polypeptide inhibits kallikrein. inflammatory response associated with a surgical procedure 
In a particular embodiment, the ischemia is perioperative in a patient comprising administering to the patient a corn- 
Wood loss due to a surgical procedure performed on the 20 position comprising a polypeptide consisting of the amino 
patient. The surgical procedure can be a cardiothoracic acid sequence: Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala 
surgery, such as, for example, cardiopulmonary bypass or Asp Asp Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe 
coronary artery bypass grafting. Asn lie Phe Thr Arg Gin Cys Ghi Glu Phe He Tyr Gly Gly 
In a particular embodiment, individual amino acid posi- Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys 
Uoib of SEQ ID NO:l can be one or more of the following: 25 Lys Lys Met Cys Thr Arg Asp (SEQ ID NO:2), wherein the 
Xaa 0 is Asp, Xaall is Asp, Xaal3 is Pro, Xaal5 is Arg, polypeptide inhibits kallikrein. In one embodiment, the 
Xaal6 is Ala, Xaal7 is Ala, Xaal8 is His, Xaal9 is Pro, surgical procedure is a cardiothoracic surgery, such as, for 
Xaa21 is Tip, Xaa3I is Glu, Xaa32 is Glu, Xaa34 is He, example, cardiopulmonary bypass or coronary artery bypass 
Xaa35 is Tyr, Xaa39 is Glu. grafting. 

In another embodiment, the invention is directed to a 30 In another embodiment, the invention is directed to a 
method for preventing or reducing the onset of systemic method for preventing or reducing ischemia in a patient 
inflammatory response associated with a surgical procedure comprising administering to the patient a composition com- 
m a patient comprising administering to the patient a com- prising a polypeptide consisting of the amino acid sequence- 
position comprising a polypeptide comprising the amino Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Glv 
acid sequence: Xaal Xaa2 Xaa3 Xaa4 Cys Xaa6 Xaa7 Xaa8 35 Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe 
Xaa9 XaalO Xaall Gly XaaI3 Cys Xaal5 Xaal6 Xaal7 Thr Arg Gin Cys Glu Glu Phe ne Tyr Gly Gly Cys Glu Glv 
XaalS Xaal9 Xaa20 Xaa21 Xaa22 Xaa23 Xaa24 Xaa25 Asn Gin Asn Arg Phe Glu Ser Leu Glu Ghi Cys Lys Lys Met 
Xaa26 Xaa27 Xaa28 Xaa29 Cys Xaa31 Xaa32 Phe Xaa34 Cys Thr Arg Asp (SEQ ID NO:2), wherein the polypeptide 
9? 9 Xaa4 ° Xaa41 Xaa42 Xaa43 inWMts kallikrein. In a particular embodiment, the tetania 
Xaa44 Xaa45 Xaa46 Xaa47 Xaa48 Xaa49 Xaa5 Cys Xaa52 40 can be perioperative blood loss due to a surgical procedure 
Xaa53 Xaa54 Cys Xaa56 Xaa57 Xaa58 (SEQ ID NO:l), performed on Ihe patient In one embodiment, the surgical 
wherein Xaal , Xaa2, Xaa3, Xaa4, Xaa56, Xaa57 or Xaa58 procedure is a cardiothoracic surgery, such as for example 
are each mdividually an ammo acid or absent; XaalO is an cardiopulmonary bypass or coronary artery bypass grafting' 
amnio acid selected from the group consisting of: Asp and In yet another embodiment, the invention is directed to a 
Glu; Xaall is an ammo acid selected from the group 45 method for preventing or reducing the onset of systemic 
consisting of: Asp, Gly, Ser, Val, Asn, He, Ala and Thr, inflammatory response associated with a surgical procedure 
« a ' S o° 31111110 aC,d se,ected from me consisting in a patient comprising administering to the patient a com- 
ol: Arg, His, Pro, Asn, Ser, Thr, Ala, Gly, Lys and Gin; position comprising a polypeptide consisting of the amino 
Xaal5 is an amino acid selected from the group consisting acid sequence: Met His Ser Phe Cys Ala Phe Lys Ala Asp 
of: Arg, Lys, Ala, Ser, Gly, Met, Asn and Gin; Xaal6 is an so Asp Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn 
ammo acid selected from the group consisting of: Ala, Gly, He Phe Thr Arg Gin Cys Glu Glu Phe lie Tyr Gly Gly Cys 
Ser, Asp and Asn; Xaal7 is an amino acid selected from the Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys 
group consisting of: Ala, Asn, Ser, ne, Gly, Val, Gin and Thr, Lys Met Cys Thr Arg Asp (amino acids 3-60 of SEQ ID 
Xaal 8 is an amino acid selected from the group consisting NO:2), wherein the polypeptide inhibits kallikrein. In one 
of: His Leu, Gm and Ala; Xaal 9 is an amino acid selected 55 embodiment, the surgical procedure is a cardiothoracic 
from the group consisting of: Pro, Gin, Leu, Asn and He; surgery, such as, for example, cardiopulmonary bypass or 
Xaa21 is an amino acid selected from the group consisting coronary artery bypass grafting. 

of: Trp, Phe, Tyr, His and He; Xaa22 is an amino acid In another embodiment, the invention is directed to a 

selected from the group consisting of: Tyr and Phe; Xaa23 method for preventing or reducing ischemia in a patient 
is an amino acid selected from the group consisting of: Tyr so comprising administering to the patient a composition com- 

and Phe; Xaa31 is an ammo acid selected from the group prising a polypeptide consisting of the amino acid sequence- 

consisting of: Glu, Asp, Gin, Asn, Ser, Ala, Val, Leu, He and Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys 

Thr, Xaa32 is an amino acid selected from the group Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg 

consisting of: Glu, Gin, Asp Asn, Pro, Thr, Leu, Ser, Ala, Gly Gin Cys Glu Glu Phe lie Tyr Gly Gly Cys Glu Gly Asn Gin 
and Val; Xaa34 is an amino acid selected from the group 65 Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr 

consisting of: Thr, He, Ser, Val, Ala, Asn, Gly and Leu; Arg Asp (amino acids 3-60 of SEQ ID NO:2), wherein the 

Xaa35 is an amino acid selected from the group consisting polypeptide inhibits kallikrein. In a particular embodiment 
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the ischemia can be perioperative blood loss due to a thoracic surgery, e.g., cardiopulmonary bypass (CPB) such 

surgical procedure performed on the patient. In one embodi- as a coronary artery bypass graft (CABG) procedures K*s 

ment, the surgical procedure is a cardiothoracic surgery, can be used specifically for, e.g., pediatric cardiac surgery 

such as, for example, cardiopulmonary bypass or coronary lung transplantation, total hip replacement and orthotopic 

artery bypass grafting. 5 hver transplantation, and to reduce or prevent perioperative 

RRTFF HPcrPTimnM r>n tud ad a«/txt^o stroke durin S CABG, extracorporeal membrane oxygen- 

BRIEF DESCRIPITON OF THE DRAWINGS a tion (ECMO) and cerebrovascular accidents (CVA) during 

. ..«,... these procedures. 

J IG ; *\ S 8 s ^PM^agram of major multiple pathways Cardiothoracic surgery is surgery of the chest area, most 
and related events involved in the contact activation system I0 commonly the heart and I lungs Typical diseases treated by 

and systemic .mflammatory response (SIR) that can arise in cardiothor a C ic surgery include coronary Miy " 

a patient subjected to soft and bone tissue trauma such as « md cance ^the lung, esopha^s and d« wat 

&at associated w lt h a coronary artery bypass grafting hea rt vessel and valve abnormalities, and birth defects 

£22 T ' WhC i ^ CAB ? Pr0CCdUre involvingthechestorheart. Where car^omoracic surged 

Zo^r^^ 15 utili2ed for treatme *> - e risk of blood loss (e.g.,s2gTry! 

APParatus) Arrows mchcate acti- iscnemJa) ^ me onset of a syste ^ c \ n |^ to ^ 

^fc3T ° r Vf^ C ° mP ? nent res *° nse < SIR > is Surgery-induced SIR can resul 

Z^l^T in severe organ dysfunction (systemic inflammatory 

actiyatmgeffectsofcomponentsoreventsinbomdirections. response syndrome: SIRS) 
Broken arrows indicate likely participation of one compo- 20 

nent or event in the activation of another component or Polypeptides Useful in the Invention 
event. Abbreviations are as follows: "tPA"=tissue plasmi- KJ polypeptides useful in the invention comprise Kunitz 

nogen activator, "C5a"=a protein component of the comple- domain polypeptides. In one embodiment these Kunitz 
ment system; *fXIIa"=activator protein of prekallikrein to domains are variant forms of the looped structure compris- 
form active kallikrein; "Extrinsic*^=extrinsic coagulation 25 m & Kuiut2 domain 1 of human lipoprotein-associated coagu- 
system; **mtrmsic"^trinsic coagulation system. lation inhibitor (LAC1) protein. LACI contains three inter- 

FIG. 2 shows a portion of a DNA and corresponding nal > well-defined, peptide loop structures that are paradigm 
deduced amino acid for a KI polypeptide of the invention in Kunitz domains (Girard, T. et aL, 1 989. Nature, 338:51 8- 
plasmid pPIC-K503. The inserted DNA encodes the mat.al- 520 )- The three Kunitz domains of LACI confer the ability 
pha. prepro signal peptide of Sacckaromyces cerevisiae 30 to om ^ and inhibit kallikrem, almough not with exceptional 
(underlined) fused in frame to the amino tenninus of the affinity. Variants of Kunitz domain 1 of LACI described 
PEP-1 KI polypeptide having the amino acid sequence herein have been screened, isolated and bind kallikrein with 
enclosed by the boxed area. The amino acid sequence of the enhanced affinity and specificity (see, for example, U.S. Pat. 
PEP-1 KI polypeptide shown in the boxed region is SEQ ID Nos - 5,795,865 and 6,057,287, incorporated herein by ref- 
NO:2, and the corresponding nucleotide coding sequence of 35 erence). An example of a preferred polypeptide useful in the 
the KI polypeptide is SEQ ID NO:3. The dashed arrows invention has the amino acid sequence defined by amino 
indicate the location and direction of two PCR primer acids 3-60 of SEQ ID NO:2. 

sequences in AOX regions that were used to produce Every polypeptide useful in the invention binds kallikrein, 
sequencing templates. DNA sequence for the entire nucle- and preferred polypeptides are also kallikrein inhibitors (KI) 
otide sequence of the figure comprises the structural coding 40 as determined using kallikrein binding and inhibition assays 
sequence for the fusion protein and is designated SEQ ID known in the art. The enhanced affinity and specificity for 
NO:27. The entire amino acid sequence is SEQ ID NO:28. kallikrein of the variant Kunitz domain polypeptides 
The double underlined portion of the sequence indicates a described herein provides the basis for their use in cardio- 
diagnostic probe sequence. BstBI and EcoRI indicate loca- thoracic surgery, e.g., CPB and especially CABG surgical 
tions of thdr respective palmdromic,hexameric, restriction 45 procedures, to prevent or reduce perioperative blood loss 
endonuclease sites in the sequence. Asterisks denote trans- and/or the onset of SIR in patients undergoing such proce- 
lational stop codons. dures. The KI polypeptides used in the invention have or 

FIGS. 3A and 3B show an alignment of amino acid comprise the amino acid sequence of a variant Kunitz 
sequences of the preferred embodiments of the invention, domain polypeptide originally isolated by screening phage 
the native LACI sequence from which these variants were 50 display libraries for the ability to bind kaBikrein. 
derived (SEQ ID NO:32), and other known Kunitz domains KI polypeptides useful in the methods and compositions 
(SEQ ID NOS:29-31 and 33-53). Cysteine residues are of the invention comprise a Kunitz domain polypeptide 
highlighted. comprising the amino acid sequence: 

i— „ ^ Xaal Xaa2 Xaa3 Xaa4 Cys Xaa6 Xaa7 Xaa8 Xaa9 XaalO 

DETAILED DESCRIPTION OF TOE 55 Xaall Gly Xaal3 Cys Xaal5 Xaal6 Xaal7 XaalS Xaal9 

INVENTION Xaa20 Xaa21 Xaa22 Xaa23 Xaa24 Xaa25 Xaa26 Xaa27 

. Xaa28 Xaa29 Cys Xaa31 Xaa32 Phe Xaa34 Xaa35 Gly Gly 

A descnption of preferred embodiments of the invention Cys Xaa39 Xaa40 Xaa41 Xaa42 Xaa43 Xaa44 Xaa45 
foIIows ; Xaa46 Xaa47 Xaa48 Xaa49 Xaa50 Cys Xaa52 Xaa53 

The invention is based on the discovery of a group of 60 Xaa54 Cys Xaa56 Xaa57 Xaa58 (SEQ ID NO l) 
kallikrein inhibitor (KI) polypeptides that inhibit plasma "Xaa" refers to a position in a peptide chain that can be 
kallikrein with a specificity that permits their use in any of a number of different amino acids. For example, for 
improved methods of preventing or reducing ischemia such the KI peptides described herein, XaalO can be Asp or Gal- 
as, for example, perioperative blood loss and/or a systemic Xaal 1 can be Asp, Gly, Ser, Val, Asn, He, Ala or Thr Xaal3 
uiflammatory response (SIR) induced by kallikrein, espe- 65 can be Pro, Arg, His, Asn, Ser, Thr, Ala, Gly, Lys or Gin; 
cialry, for example, in patients undergoing surgical proce- Xaal5 can be Arg, Lys, Ala, Ser, Gly, Met, Asn or Gkv 
dures and particularly surgical procedures involving cardio- Xaal6 can be Ala, Gly, Ser, Asp or Asn; Xaal7 can be Ala' 
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Asn, Ser He, Gly, Val, Gin or Thr; Xaal8 can be His, Leu, GlnAsn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 

Gin or Ala; Xaal 9 can be Pro, Gin, Leu, Asn or lie; Xaa21 Thr Arg Asp (SEQ ID NO 6) 

can be Trp, Phe Tyr His or He; Xaa31 can be Glu, Asp, Gin, Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His 

Asn, Ser, Ala, Val, Leu, lie or Thr; Xaa32 can be Glu, Gin, Cys Lys Ala Ser Leu Pro Arg Phe Phe Phe Asn He Phe Thr 

AspAsn,Pro Thr , Leu, Ser, Ala, Gly or Val; Xaa34 can be 5 Arg Gin Cys Glu Glu Phe He Tyr Gly Gly Cys Gly Gly Asn 

He, Inn Ser Val Ala, Asn Gly or Leu; Xaa35 can be Tyr, Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 

lrporPhe;Xaa39canbeGlu,Gly,Ala,SerorAsp.Aniino Thr Arg Asp (SEQ ID NO-7) 

Xaa26, Xaa27, Xaa28 , Xaa29 Xaa41, Xaa42, Xaa44, Cys Lys Ala Asn His Gin Arg Phe Phe Phe Asn He Phe Thr 

Xaa46, Xaa47, Xaa48, Xaa49, Xaa50, Xaa52, Xaa53 and 10 Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 

Xaa54 can be any amino acid. Additionally, each of the first Gin Asn Arg Phe Glu Ser Leu Ghi Glu Cys Lys Lys Met Cys 

four and at last three amino acids of SEQ ID NO: 1 can Thr Arg Asp (SEQ ID NO:8) 

optionally be present or absent and can be any amino acid, Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His 

tO^a* a a- ,.p„ mv „ r Cys Lys Gly Ala His Leu Arg Phe Phe Phe Asn He Phe Thr 
Peptides defined according to SEQ ID NO: 1 form a set of is Arg Gin Cys Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn 

polypeptides that bind to kallikrein. For example, in a Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 

preferred embodiment of the invention, a KI polypeptide Thr Arg Asp (SEQ ID NO:9), 

useful in the methods and compositions of the invention has Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Are 

the ■ following variable positions: Xaall can be Asp, Gly, Ser Cys Lys Gly Ala His Leu Arg Phe Phe Phe Asn He Phe Thr 

or Val; Xaal3 can be Pro, Arg, His orAsn; XaalS can be Arg 20 Arg Gin Cys Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn 

orLys;Xaal6canbeAla orGly;Xaal7canbeAla, Asn, Ser Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys MetCys 

orIIe;Xaal8canbeHis,LeuorGln;Xaal9canbePro,Gln ThrArg Asp (SEQ ID NO10) 

or Leu; Xaa21 can be Trp or Phe; Xaa31 is Glu; Xaa32 can Met His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg 

av ™ ? '' ?"2f C3n ^ Ik ' ^ ° r Ser; Xaa35 is Tyr; ^ A* Gl y M * His Pro Arg Trp Phe Phe Asn He Phe Thr 
and Xaa39 can be Glu Gly or Ala. 2 S Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 

A more specific embodiment of the claimed invention is Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 
defined by the following amino acids at variable positions: ThrArg Asp (SEQ ID NO- 11) 

XaalO is Asp; Xaall is Asp; Xaal3 can be Pro or Arg; Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gry Pro 
Xaal5,sArg;Xaa^c^beAlaorGly;Xaal7isAla;Xaal8 Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr 
is His; Xaa] 9 is Pro; Xaa21 is Trp; Xaa31 is Glu; Xaa32 is 30 Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 
G u; Xaa34 can be He or Ser, Xaa35 is Tyr; and Xaa39 is Gin Asn Arg PheGlu Ser Leu Glu Glu Cys Lys Lys Met Cys 
OI ?\ , ThrArg Asp (SEQ ID NO:l 2), 

Also encompassed within the scope of the invention are Met His Ser Phe Cys Ala Phe Lys Ala Asp Val Gly Arc 
pepndes that comprise portions of the polypeptides Cys Arg Gly Ala His Pro Arg Trp Phe Phe Asn He Phe Thr 
described herein. For example, polypeptides could comprise 35 Arg Gin Cys Ghi Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 
binding domains for specific kallikrein epitopes. Such frag- Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 
ments of the polypeptides described herein would also be Thr Arg Asp (SEQ ID NO-13) 

encompassed Met His Ser Phe Cys Ala Phe Lys Ala Asp Val Gry Aig 

KJ polypeptides useful in the methods and compositions Cys Arg Gly Ala Gin Pro Arg Phe Phe Phe Asn He Phe Thr 
described herein comprise a Kunitz domain. A subset of the 40 Arg Gin Cys Ghi Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 
sequences encompassed by SEQ ID NO:l are described by Gln Asn Arg Phe Ghi Ser Leu Glu Glu Cys Lys Lys Met Cys 
the foUowing (where not indicated, "Xaa" refers to the same ThrArg Asp (SEQ ID NO- 14) ' ' ' ' 

set of amino acids that are allowed for SEQ ID NO: 1 ): Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Ser 

V^t? 15 ^^y^aPh^LysAlaXaalOXaallGly Cys Arg Ala Ala His Leu Arg Trp Phe Phe Asn He Phe Thr 
l^f , al Xaa16 XaaI7 Xaa18 Xaal » Arg Xaa21 45 Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 
Phe Phe Asr t Ite Phe Thr Arg Gin Cys Xaa31 Xaa32 Phe Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 
Xaa34Xaa35GIyGIyCysXaa39GlyAsnGlnAsnArgPhe Thr Arg Asp (SEQ ID NO- 15) 

™™ ° 1U CyS LyS LyS Met Cy 5 Thr As P Met His Ser Phe Cys Ala Phe Lys Ala Glu Gly Gly Ser 
( M.ir * du o a, ™. r . CysArgAlaAlaHisGinArgTrpPhePheAsnllePheThr 
Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gry Pro 50 Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 
Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 
Arg Gin Cys Glu Glu Phe lie Tyr Gly Gly Cys Glu Gly Asn ThrArg Asp (SEQ ID NO- 1 6) 

Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro 
^AtS^P (amino acids 3-60 of SEQ ID NO:2), Cys Arg Gly Ala His Leu Arg Phe Phe Phe Asn He Phe Thr 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro 55 Arg Gin Cys Ghi Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 
Cys Lys Ala Asn fts Leu Arg Phe Phe Phe Asn He Phe Thr Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 
Arg Gin Cys Ghi Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn Thr Arg Asp (SEQ ID NO- 17) 

Gin Asn Arg Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His 

^o^^L r CysAigGlyAkl^uProArgTrpPhePheAsnllePheThr 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His 60 Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 

Cys Lys Ala Asn His Gin Arg Phe Phe Phe Asn He Phe Thr Gin Asn Arg Phe Glu Ser Leu Glu Glu Cy s Lys Lys Met Cys 

ArgGlnCysGluGluPheThrTyrGlyGlyCysGlyGlyAsn Thr Arg Asp (SEQ ID NO- 18) 

Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Met His Ser Phe Cys Ala Phe Lys Ala Asp Ser Gly Asn 

Thr Arg Asp (SEQ ID NO:5) Cys Arg Gly Asn Leu Pro Arg Phe Phe Phe Asn He Phe Thr 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His 65 Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn 

Cys Lys Ala Asn His Gin Arg Phe Phe Phe Asn lie Phe Thr Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys 

Arg Gin Cys Glu Gin Phe Thr Tyr Gly Gry Cys Ala Gly Asn Thr Arg Asp (SEQ ID NO- 1 9) 
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Ser Gly Aig polypeptide that is readily expressed in a host cell. Prefer- 
Cys Arg Gly Asn His Gin Arg Phe Phe Phe Asn He Phe Thr ably, the host cell that expresses such a fusion polypeptide 

^? m » yS S. 1U ^ lu r heSerTyrGlyG,yCysGlyGlyAsa a,so P rocesses me **** polypeptide to yield a Kunitz 

GmAsnArgP^heGluSer l^GluGluCysLysLysMetCys domain or Kl polypeptide useful in the invention that 
.r 1 ?^ ( ™ Q P 0) ' 5 conains.only the desired amino acid sequence. Obviously, if 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg any other amino acid(s) remain attached to the expressed 

Cys Arg Ala lie Gin Pro Arg Trp Phe Phe Asn lie Phe Thr Kunitz domain or Kl polypeptide, such additional amino 

ArgGmCysGmGhiPheSerTyrGlyGlyCysGlyGlyAsn acid(s) should not diminish the kallikrein binding and/or 

Gin AsnArg Phe Glu Ser Leu Glu Ghi Cys Lys Lys Met Cys kallikrein inhibitory activity of the Kunitz domain or Kl 

w-^r 8 ? (S 2? !? N P :2 i2' 10 PoJwepfck 50 as to Prelude use of the polypeptide in the 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Arg methods or compositions of the invention 

Cys Arg Gly Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Apreferred recombinant expression system for producing 

Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys Gly Gly Asn Kl polypeptides useful in the methods and compositions 

Gin AsnArg ^ GluSei 'Leu Glu Glu Cys Lys Lys Met Cys described herein is a yeast expression vector, which permits 

InV^ , ? ( NO:22). 15 a nucleic acid sequence encoding the amino acid sequence 

HGS. 3A and 3B provides an amino acid sequence for a KJ polypeptide or Kunitz domain polypeptide to be 

alignment of these sequences, the native LAC1 sequence linked in the same reading frame with a nucleotide sequence 

from which these variants were derived (SEQ ID NO:32), encoding the mat.alpha. prepro leader peptide sequence of 

and other known Kunitz domains (SEQ ID NOS: 29-3 1 and Saccharomyces cerevisiae, which in turn is under the control 

V. . •_. 20 of an operable yeast promoter. The resulting recombinant 

ine Kl polypeptides useful in the methods and compo- yeast expression plasmid can then be transformed by stan- 
sitions described herein can be made synthetically using any dard methods into the cells of an appropriate, compatible 
standard polypeptide synthesis protocol and equipment. For yeast host, which cells are able to express the recombinant 
example the stepwise synthesis of a Kl polypeptide protein from the recombinant yeast expression vector Pref- 
descnbed herein can be carried out by the removal of an 25 erably, a host yeast cell transformed with such a recombinant 
amino (N) temunal-protecUng group from an initial (i.e., expression vector is also able to process the fusion protein 
carboxy-terminal) ammo acid, and coupling thereto of the to provide an active Kl polypeptide useful in the methods 
carboxyl end of the next ammo acid in the sequence of the and compositions of the invention. Apreferred yeast host for 
polypeptide. This ammo acid is also suitably protected. The producing recombinant Kunitz domain polypeptides and Kl 
carboxyl group of the incoming amino acid can be activated 30 polypeptides comprising such Kunitz domains is Pichia 
to react with the N-termmus of the bound amino acid by pastoris. 

formation into a reactive group such as formation into a As noted above, Kl polypeptides that are useful in the 
carbodnmide, a symmetric acid anhydride, or an "active methods and compositions described herein can comprise a 
ester group such as hydroxybenzotriazole or pentafluo- Kunitz domain polypeptide described herein Some Kl 
rophenyl esters. Preferred solid-phase peptide synthesis 35 polypeptides can comprise an additional flanking sequence 
methods include the BOC method, which utilizes tert- preferably of one to six amino acids in length, at the amino 
butyloxy^bonylasme.alpba.-animoprotectmggroup,and and/or carboxy-terminal end, provided such additional 
the FMOC method, which utilizes £>-fhiorenylmethloxycar- amino acids do not significantly diminish kallikrein binding 
bonyl to protect the .alpha.-amino of the amino acid resi- affinity or kallikrein inhibition activity so as to preclude use 
dues Both methods are well known to those of skill in the 40 in the methods and compositions described herein. Such 
art (Stewart, J. andYoung, J, Solid-Phase Peptide Synthesis additional amino acids can be deliberately added to express 
, W « Fre l man C 0 ' San Fra ncisco 1989); Merrifield, J., a Kl polypeptide in a particular recombinant host cell or can 
1963. Am. Chenx Soc, 85:2149-2154; Bodanszky, M. and be added to provide an additional function, e.g., to provide 
Bodanszky, A .The Practice of Peptide Synthesis (Springer- a peptide to link the Kl polypeptide to another molecule or 
Verlag, New York 1984), the entire teachings of these 45 to provide an affinity moiety that facilitates purification of 
references is incorporated herein by reference). If desired, the polypeptide. Preferably, the additional amino acid(s) do 
additional amino- and/or c^xy-terminal amino acids can not include cysteine, which could interfere with the disulfide 
be designed into the amino acid sequence and added during bonds of the Kunitz domain 

polypeptide synthesis. An example of a preferred Kunitz domain polypeptide 

Alternatively, Kunitz domain polypeptides and Kl 50 useful in the methods and compositions of the invention has 
polypeptides useful in the compositions and methods of the the amino acid sequence of residues 3-60 of SEQ ID N02 
invention can be produced by recombinant methods using When expressed and processed in a yeast fusion protein 
any of a number of cells and corresponding expression expression system (e.g., based on the integrating expression 
vectors, including but not limited to bacterial expression plasmid P HIL-D2), such a Kunitz domain polypeptide 
vectors, yeast expression vectors, baculovirus expression 55 retains an additional amino terminal Glu-Ala dipeptide fiom 
vectors, mammalian viral expression vectors, and the like. the fusion with the matalpha. prepro leader peptide 
Kunitz domain polypeptides and Kl polypeptides useful in sequence of £ cerevisiae. When secreted from the yeast host 
the compositions and methods of the invention can also be cell, most of the leader peptide is processed from the fusion 
produced transgenically using nucleic acid molecules com- protein to yield a functional Kl polypeptide (referred to 
prising a coding sequence for a Kunitz domain or Kl 60 herein as "PEP-1") having the amino acid sequence of SEQ 
polypeptide described herein, wherein the nucleic acid mol- ID NO:2 (see boxed region in FIG. 2). 
ecule can be integrated into and expressed from the genome Particularly preferred Kl polypeptides useful in the meth- 
of a host animal usmg transgenic methods available in the ods and compositions described herein have a binding 
art. In some cases, it could be necessary or advantageous to affinity for kallikrein that is on the order of 1000 times 
fuse the codmg sequence for a Kunitz domain polypeptide or 65 higher than that of aprotinin, which is currently approved for 
a Kl polypeptide comprising the Kunitz domain to another use in CABG procedures to reduce blood loss. The surpris- 
coding sequence in an expression vector to form a fusion ingly high binding affinities of such Kl polypeptides 
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md, °« te ?t 10 P°M«ptid« exhibit Contact of a patient's blood with the cut surfaces of bone or 

ahighdepeofspeaficityforkalltoeintotheexclusionof of CPB equipment is sufficient to actrvSeS or several 

other molecutor targets (see Table 1, below). Thus, use of undesirable cascade responses, mclSng a cSLct aXa 

such polypepudes according to the invention reduces much tion system (CAS), which can le^TSte^rperiSe^ 
ofthesp^ulat,onas t 0 thepossiblemerapeutict^ 5 tive blood loss requiring in^eSe bboTTr^sSZ^ 

patent The lower degree of specificity exhibited by, for well as a systemicbmarnmatory response (SIW which £ 

example, aprouiun, leads to possible pleiotropic sideeffects turn, can result in permanent SSStoid^ 

The polypeptides defined by, for example, SEQ ID NO:l or theory, it appears that the blood loss that occurs associated 
contain invariant positions, e.g., positions 5, 14, 30, 5 land 10 with cardiothoracic surgery, e.g., CPB, as in a CABG 
55 can be Cys only. Other positions such as, for example, procedure, probably results from extensive canillarv 

T2?S 7 so V V, 4 ' 25 h 5 21 - 28 k 29 - 41 • 42 ' 44> 46 « ' ge ' whi<i can ri in ^SiS^sffZ mu k s ; 

7. ' r*.'. 3U > * z > 53 a™ 54 ^ be any amino acid be replaced by immediate blood transfusion 

(inc uding non-naturally occurring amino acids). In a par- The methods described herein are useful for preventing or 

ticularly preferred embodiment, one or more amino acids is reducing various ischemias including, for example perion- 

1 3 "f V L 8Cq f^ B (e& ' SEQ 10 erativebloodIoss ^ d SIRmapatients U bjectedto a ' S urgical 
W see *??• 3 >\ In Preferred embodiment, at least one procedure, and especially wherein the surgical procedure 
vanable posraon ,s different from that of the native requires extra-corporeal circulation, e.g., carfiothoSc s^ 
sequence. In yet another preferred embodiment, the amino gery, such as, for example, CPB. The methods of the 
acids can each be individually or collectively substituted by 20 invention are particularly useful for preventing or reducing 
a conservative or non-conservative amino acid substitution. perioperative blood loss and/or SIR in a patienisubjected to 
Conservative amino aad substitutions replace an amino acid a CABG procedure requiring CPB or other cardiac surgery 
with another ammo acid of similar chemical structure and Preferred compositions for medical use comprise a Kl 
may have no affect on protein function. Non-conservative polypeptide described herein. Such compositions useful can 
a " d ^!! ra ! ,ons replace an amino acid with another 25 further comprise one or more pharmaceutic^ acceptable 
ammo acid of dissunilar chemical structure. Examples of buffers, carriers, and excipients, which can provide a desir- 
conserved ammo acd substitutions include, for example, able feature to the composition including, but not limited to 
Asn-*Asp, Arg-»Lys and Ser-Thr. In a preferred embodi- enhanced administration of the composition to a patient' 
5 ' 7 1 8 > 9 > 10 - 13 > 12 > 13 > 14 - 15, 16, 17, enhanced circulating half-life of the KI polypeptide of the" 
l», 19, 20andtor21 of these ammo acids can be indepen- 30 composition, enhanced compatibility of the composition 
dently or collecuvely, in any combination, selected to cor- with patient blood chemistry, enhanced storage of the corn- 
respond to the corresponding position of SEQ ID NO:2. position, and/or enhanced efficacy of the composition upon 
l^7^ , iE OSltK>nS, forexam P ,e > Positions 10, 11, 13, 15, 16, administration to a patient. In addition to a KI polypeptide 
17, 18, 19, 21, 22, 23, 31, 32, 34, 35, 39, 40, 43 and 45 , can described herein, compositions can further comprise one or 
be any of a selected set of amino acids. Thus SEQ ID NO:l 35 more other pharmaceutical^ active compounds that provide 
defines a set of possible sequences. Each member of this set an additional prophylactic or therapeutic benefit to a patient 
contains, for example, a cysteine at positions 5, 14, 30, 51 of an invasive surgical procedure. 

and 55, and any one of a specific set of amino acids at Compositions useful in the methods of the invention 

KmV 1 ' 15, 16, 17 ' 18 ' 19, 221> 22 ' 23 ' 31 ' 32 > com P rise any of the Kunitz domain polypeptides or KI 

I a «' \ n 45 ' In 3 P rcfeilred embodiment, 1, 2, «o polypeptides comprising such Kunitz domain polypeptides 

J' 4 ' 5 ' 6 > 8 ; 9 > 10 > u > 12 > J 3, 14, 15, 16, 17, 18 and/or described herein. Particularly preferred are KI polypeptides 

1 9 ofthese amino acids can be independently or collectively, comprising a Kunitz domain polypeptide having a 58-amino 

in any combination, selected to correspond to the cone- acid sequence of amino acids 3-60 of SEQ ID NC-2 An 

sponding position of SEQ ID NO:2. The peptide preferably example of such a particularly preferred KI polypeptide 

has at least 80%, at least 85%, at least 90% or at least 95% 45 useful in the methods and compositions of the mvention is 

identity to SEQ ID NO:2. the PEP-1 KI polypeptide having the 60-amino acid 

Methods and Compositions sequence of SEQ ID NO:2. A nucleotide sequence encoding 

The present invention is also directed to methods for toTn^T" ° f ^J D "?U s P mvided » 

patient, especially associated with cardiothoracic sureetv A i ^ by Sanply subst,hrtm S one or 

C f dl0tb f rac,c ""H"* a*' for ^Ple. CPB, 65 mids include those used to clone and/or express such nSe- 
ZfZSrlr* ""**" iT^f* ° r *? otide c °din B sequences. Expression Z£F££ a p7o- 

are at nsk for perioperative blood loss and inflammation. moter, which can be operably linked to a particSar 
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St If J c °nespond,ng polypeptide. A polypep- cessful outcomes. The interaction between^iS fur 

delete P^ ca f 4116,1 beisoIa »« 1 from the host cell. 5 faces, blood cells, Wood proteSdan^S vaSSld^ 

Nucleic acid molecules compnsmg a nucleic acid sequence helium, and extravascular tissues such as dSrt 

encoding a Kunitz domain or KI polypeptide described hemosLs and frejen% aSJ ™L CAS wW<TS 

S3SS25533S.SSSSSS^ 

Penoperative Blood Loss and Reduced Heart Bioodflow blood transfosion - A consequence of circulating whole blood 

Due to the many advances in medicine a number of 311 extracorporeal circuit in CPB can also include 

highly invasive surgical procedures are carried out each day ? e SyStemic ^^tory response (SIR), which is initiated 

mat result in blood loss, or place patients at a high risk for y contact act5Vation of the coagulation and complement 

blood loss. Such patients must be carefully monitored to 15 s y sXe ™ s \ J £deed, muc h of the morbidity and mortality asso- 

restore and maintain normal blood supply and hemostasis ° . 7 seemingly mechanically successful CPB surgical 

and they may need blood transfusions. Surgical procedures f roced ^ 1S me * SXilt of effects of activating coagu- 

that involve blood loss include those involving extra-corpo- °2' fibnnol y sis > or complement systems. Such activation 

real circulation methods such as cardiothoracic surgery e g ° m dama £ e the pulmonary system, leading to adult respi- 

CPB. In such methods, a patient's heart is stopped and ihe 2 ° ^f 7 s y ndrome (ARDS), impairment of kidney and 

circulation, oxygenation, and maintenance of blood volume s P la » chmc circulation, and induction of a general coagul- 

are carried out artificially using an extra-corporeal circuit i Z- }eading t0 bJood loss and the need f <* transfusions, 

and a synthetic membrane oxygenator. ITiese techniques are ^ addmo * to the dangers of perioperative blood loss, 

commonly used during cardiac surgery. Additionally it is addltl0nal pathologies associated with SIR include neu- 

apparent that surgery involving extensive trauma to bone 25 ^ 0 & 3inye de n*cits, stroke, renal failure, acute myocardial 

such as the sternal split necessary in CABG or hip replace- Cardiac tissue dama g e - 

ment procedures, is also associated with activation of the - Blood to 08 * 18 ""* also present a significant risk of infec- 

CAS, which can result in a variety of disruptions in the blood Uoa and elevate fte cost of CABG or other similar proce- 

and vasculature. dures that require CPB. In the absence of any pharmaco- 

Atherosclerotic coronary artery disease (CAD) causes a 3 ° 5?*!, in tf vention > ^ to seven units of blood must 

narrowing of the lumen of one or several of the coronary W«aiflr expended on a patient, even with excellent 

arteries; this limits the flow of blood to the myocardium fie t^hniques. Accordingly, there is considerable 

the heart muscle) and can cause angina, heart failure and mcen f ve fo 7 the development of new and improved phar- 

myocardial infarcts. In the end stage of coronary arterv « macolo S lc . aI1 y effective compounds to reduce or prevent 

atherosclerosis, the coronary circulation can be almost com- V& 2°£^ e Wee f ng and SIR m patients objected to CPB 

pletely occluded, causing life threatening angina or heart procedures. 

failure, with a very high mortality. CABG procedures may Adniinistration and Dosing Considerations for KI Polvneo- 

be required to bridge the occluded blood vessel and restore tides roiypep 

Ttee tare be. toprore™,* in oilman, invasive For paraaercl admUstrotioii, the polypeptides ca» be 
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deJetenously w,th the active compounds. Similarly, the 1 TABLE 1 Aprotinin Protease Substrate PEP-1 K sub i am, 

composihon can compose conventional excipients, e.g., (pM) K.sub.&pp (pM) human^^pEr^fbiS L 3 o 

phannaceuttcaJIy acceptable oipnic or inorganic carrier .times. 10.sup.4hum JurTLnlX lO^upg 

^f^'^ '^^^nasalappli- 4.0 .times. 10 sup3 porcine pancreatiSliS 7 2s 
canon which do no deletenously react with the active 5 lO.sup.TSSOhuianClr.activateSi o timeT lO sun'S o 

compounds. Generally, the ingredients will be supplied .times io.s„p.7 hun^ C s actSi 2 O^'^lf 

ether separately or mixed together in unit dosage fonn, for 10. SU p.7>1.0 .Les. STp.gSman pSatactor xT To 

example, as a dry lyopmbzed powder or water free concen- .times 10.sup.4 ND human ih^CciS A«if 

or sachettemdicatmg the quantity of active agent in activity ,o lO.sup.5 894 human pancreatic trypSnV^es 10^n 7 
units. Where the composition is to be administered by ND human pancreatic SoS>2 0 ££' Ssuo 7 
infus.on rt can be dispensed with an infusion bottle con- 7.3 times. lLup.5 human nSpWl eLS 0 2s 

istenng a KI polypeptide to a patient as an intravenous for kallikrein is about 44 P M CTable 1) wherSe K sub i 
^rnHr^ m \t,T a ^ roVed t Pr0CedUre T^a^ 20 aPPofaprotinmforkallil^ 

polypepnde described hereni can be administered to a PEP-1 could be approximately l(WoTimes lower man toat 
pat.en subjected to aCABG procedure at the times similar used for aprotinin on a per mL Z ™ oweTeJ coSi£ 
to those currently used m approved protocols for adminis- ation of several other factors may provide Im«e aerate 

J° an ^ DOUnl neCCSSaiy t0 p,DVide 3 es,imation of ^ *>* of PEP-1 rauiredin SSSteSh 
pat entwtth a required number or concentration of kallikrein 25 factors include the amount of kalKkiein acSvatM 

SSSJ? % A -°^ to the mvention, a KI Cn^r^^^^'^ZS^SS 

polypeptide desenbed herein can also be administered to a required to elicit an <nn w ti« w^nT-. KaiiiKrein 
prt« > ,he imn ed« B p^Sv. ^ „„„ bleed- S^L^ta'^ NevS£" 

^nUSh Pn?r t0 mducti ? n , of ane f^ esia " ^ nen » at induction For example, the total amount of circulating prekallikrein 
of anesthesia a second dose of KI polypeptide can be 35 in plasma is^stimated at approximately XoSSSSb^ 
mjectedmtomeCPBp^g^d^umpprimevohime''). M. et al., The Contact Systo^Its Ksoidm " in B^d' 
^fP~ Caa me ? * ? la <f °y ^"tinuous and con- Principles and Practice of Hematology; hS R eVaf ' 
trolled mtravenous infusion dose for the duration of the eds., J B Lippincott Co PMladdDhif iSfff all 5 & 
T^H^' "I**" ProCCdUre P^llikrebwere -tiSjSS&SiSm 

JiT ^ ^ ° reglmenS ^ 1,16 Uni,ed 40 wouJd be re ^ for a stoicmometric inhib^on oflL- 

Stetes for admimstenng aprotinin to a patient undergoing a likrein. An individual having 5 lite" of plasm! would 

'SXZ^S&i Km'" 11 T° r ±e PX T ^ ° fferc a ^van4 ov« aprothStTe 

prime volume, and 250,000 KIU per hour of surgery. As amount of protein that would be required to inhibit SIR Irl 

adapted to any KI polypept,de described herein once the 99.6% of kallikrein present at 1 nM (i e 0 4 nMfiS 
specfic acuy.* and KIU of a particular KI polypeptide has kallikrein remaining^ the bloodV wtoeaT 

^S^^^*^^*^^** «■—>-*» of l 8 nM woukfSylS^S^of^ 
bmdmg affinity and inhibitory actmty m representative KI kallikrein present at 1 nM. For aprotinin to inhibif 99% of 
pomades described herem relative to aprotinin, it is 55 the kallikrein at 1 nM, an ^S^ZS^£ 

uon are likely to require fewer milligrams (mg) per patient concentration than for PEP-1) .^womesmgner 

tionTSu PaUent Wftb rCqUired DUmber ° f C ° nCeDtra - For a P atient "*»»*ig CPB, an initial clinical dose of 
' .. ,. . . PEP-1 can be estimated from a recommended dose regimen 

Several conaderations regarding dosing with a KI 60 of aprotinin (1 times. lO.sup.6 KIU) mentioned above 
poIyF«ptidemme^ Aprotinmbio.l^m.i^SSS^sSS 
way of example with me representative PBP-1 KI polypep- inhibitory activity of ^KlXgTeXmS u£t 
tide of the mvennon havmg the amino sequence of SEQ ID blood pressure assay. Therefore 1 times 1 m6 ?KJU$ 

(^L^S^lSZSSt °l K ^ 65 10SUP 6 100/7143 4 of aprotinin) t a 

IK.-sub j,aM>> oi the PEP-1 KI polypeptide for kallikrein and patient having a blood plasma volume of 5 liters 140 me 

eleven other known plasma proteases. corresp onds 5 approximately 4.3 mu^S (mcW 
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lar weight of aprotininis 6512 Daltons). The specific activity terization as a recombinant Jrotein in His4 sun -nhenotvne 

of aprotimn in the standard inhibitory assay used for PEP-1 w* ^n. ~r ♦ ^ - r>. , nisH.sup. pnenotype 

iq a a k-tt y mt r „r i ,7 7; Z TV? nost celJs of yeast strain PfcAro pastoris. 
is 0.4 KJU/mg of polypeptide. A dose of 140 mg would 

correspond to a loading dose for aprotinin of 56 KIU (140 

mg.times.0.4 KJU/mg=56 KIU). In contrast, since the spe- 5 Example 2 

cific activity of the PEP-1 KI polypeptide is 10 KJU/mg in 

fces^dmhib^ Construction of a Recombinant Plasmid to Express KI 

would be required to provide the number of KIUs equivalent Polypeptides 
to 1 40 mg of aprotinin. In a patient with a plasma volume of . . 

5 liters, this corresponds to about 160 nM PEP-1 (molecular 10 ,mtial P lasmid > PH1L-D2, is ampicillin resistant and 

weight of PEP-1 is 7054 Daltons), although a higher dose of contains a wild-type allele of His4 from R pastoris. The final 
the PEP-1 KI polypeptide can be required if all of the plasma DNA sequence comprising the coding sequence for the 
kallikrein (500 nM) is activated and/or if this KI polypeptide mat.alpha. Prepro-PEP-1 fusion protein in the recombinant 
is poorly distributed in a patient. expression plasmid pPIC-K503 is shown in FIG. 2. The 

Furthermore, the KI polypeptides can be non-naturally is DNA sequence of pHIL-D2 was modified to produce pPIC- 
occumng, and they can be produced synthetically or recom- K503, as follows: 

binaiitly, as noted above, thereby avoiding potential con- i The RstFtl in <h» v ahyi * * t, tt ™ 
tamination of transmissible diseases that can arise during uJ«ITa ! r u „ FCgl0D ° f P HIL * D2 ' 

isolation of a protein from a natural animal *^S£ d ™* m ° f the His4 » was ™* * 

in the case of aprotinin, which is isolated from bovine lung 20 partld ^T?^ 1 '^ 7 Hgati ° n ' alterin & 

Increasingly important to administrative and public accept t^JJ CGAA (SEQ 1D NO:23 > to TTCGCGAA 

tance of a treatment or pharmaceutical composition com- < bb V J D NO:24). This modification was made to facilitate 
prising a polypeptide is the avoidance of possible contami- a * d d ? rect the clonm 8 of ^ expression cassette into the 
nation with and transmission to human patients of various P Iasncud * 

pathological agents. Of particular interest for the safety of 25 2. The Aatll site bearing the bla gene located downstream 
proteins isolated from a bovine tissue is the elirmnation of of His4 was removed by restriction digestion, fill-in, and 
the possible risk of exposure to viral mediated diseases, ligation modifying the sequence from GACGTC (SEQ ID 
bacterial mediated diseases, and, especially, transmissible NO:25) to GACGTACGTC (SEQ ID N026) This modifi 
bovine spongiform encephalopathies. cation was made to facilitate the cloning of expression 

As variants of the Kunitz domain 1 of the human LACI 30 cassettes having Aatll sites into the plasmid The DNA 
protein, fewer side effects are expected from admmistering encoding PEP-1 was synthesized based on the nucleotide 
? 1™Z° * ^ t0 P f CntS which is se W™<* fr°m the original kallikrein-binding display phage 

T 77 15 d0ClUnented t0 cause anaphylactic and consisted of 450 base pairs (bp). T^e InZ DrS 
and anaphylactoid responses m patients, especially in repeat sequence of the insert in the P HIL-D2 pksmjTis flanked S£ 
administrations, such as second time CABG procedures. 35 a7. AO xi seai,^ «„H 1 ^ / ^ 

Additionally, the highly spedfic bmdmg of me KI polype^- w ^ °* ^ Z TO I £2? ^quence (portions of 
tides described herein to kallikrein will effectively hinit or 1^^! ? , I } 3 Wn pr0teui 

eliimnatefceth^^ compmmg the matalpha. prepro signal peptide of & cer- 

and reduce the problems observed with graft patency fol- 1° ^ structural sequence forthe PEP-1 

lowing CABG procedures 40 ^ P 0l yP e P tlde - The signal peptide was added to facilitate 

The invention will be further described with reference to ^f™ of PE ^ } from yeast host cells. The 

the following non-limiting examples. The teachings of all ^nucleotides to form the insert were synthesized and 
the patents, patent applications and all other publications ° btamed commercially (Genesis Labs, The Woodlands, 
and websites cited herein are incorporated by reference in aad ^ msert was S enerate ^ by polymerase chain 

their entirety. 45 reaction (PCR). The linked synthetic DNA encoding the 

mat.alpha. prepro/PEP-1 fusion protein was then incorpo- 
EXEMPLIFICATION rated b y Hg3tion into the modified pHIL-D2 plasmid 

between the BstBI and EcoRI sites. 
Example 1 The ligation products were used to transform Escherichia 

50 coli strain XL1 Blue. A PCR assay was used to screen E. coli 
A Representative KI Polypeptide transformants for the desired plasmid construct. DNA from 

A non-naturally occurring, KI polypeptide useful in the 11 ® xtracts was ^P^fied by PCR using primers containing 
compositions and methodsofthe invention was identified as m e5'AOXl and3 r AOXl sequences (see above and FIG. 2). 
a kallikrein binding polypeptide displayed on a recombinant 55 PCR P*** 110 * 5 of correct number of base pairs were 
phage from a phage display library. PEP-1 has the following sequenced. In addition, approximately 20-50 bp on either 
amino acid sequence: Glu Ala Met His Sex Phe Cys Ala Phe side of me cIonm g sites were sequenced, and the predicted 
Lys Ala Asp Asp Gly Pro Cys Arg Ala Ala His Pro Arg Trp sequence was obtained. The final DNA sequence of the 
Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu Phe He Tyr insert ^ ™e pHIL-D2 plasmid (to yield plasmid pPIC-K503) 
Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu eo is shown m F1G * 2 alon g with portions of flanking 5* and 3* 
Glu Cys Lys Lys Met Cys Thr Arg Asp (SEQ ID NO:2). The AOX1 sequences and corresponding amino acid sequence of 
molecular weight of PEP-1 is 7,054 Daltons. the fusion protein comprising the mat-alpha, prepro signal 

_Hie nucleotide sequence (SEQ ID NO:3) encoding the peptide of S. cerevisiae fused to the structural coding 
PEP-1 amino acid sequence (SEQ ID NO:2), was derived sequence for the PEP-1 KI polypeptide. A transformant with 
irom a i peptide that was isolated and sequenced by standard 65 the desired expression plasmid construct plasmid pPIC- 

mfl^^ fi ° m ^/^f 111 DNA * *5(B,wasselectedfor^^ 

PEP-1 was produced in amounts useful for further charac- production of PEP-1. 
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Example 3 umn, Amersham Pharmacia, Piscataway, NJ.). The column 

was then washed (50 mM acetic acid, pH=3.0-3,5) in an 

Manufacture of PEP-1 from Recombinant Yeast Cell Line "p-flow mo< j e to flush the yeast cells from the expanded bed. 

Spheroplastsof/>^/^GS115havingtheHis4sup- 5 ^^P^P^^s raised above the expanded bed enhance 

phenotype were transformed with the expression plasmid flow was topped and the bed was allowed to 

PPIC-K503 (above) following linearization of the plasmid at ^ ^ W3S m0Ved down 50 * was 

the Sad site and homologous recombination of the plasmid ab0Ve ^V^lf ^ dbwtio11 of me fiow was 

DNA into the host 5' AOX1 locus. Hie phenotype of the mversed Theeffluent was collected. Washing was continued 

production strain is His4.sup. + . The entire plasmid was 10 * * downward mode using 50 mM sodium acetate, pH 4.0. 

inserted into the 5' AOX1 genomic sequence of the yeast ™ ^ ™ ^ fiom 

T . # - A ^ - column usmg 50 mM sodium acetate, pH 6.0. The eluate was 

Isolates from the transformation were screened for erowth , A iu ta j- cm* , , 

. + , , - , . fciowin collected ma 50 liter container. The eluate was then filtered 

m the absence of exogenous histidine with methanol as the tw.„K * n -y> ^ «u • ♦ i - ! ? f 

sole carbon source. Greater than 95% of the transformants is ^ • A ' f ter ^ a cle f Earner located m the 

r^rW tK„ «,;m t,~- .u-r-T ^ iransiormants o pun fication site. Additional samples were collected for the 

retained the wild-type ability to grow with methanol as the *«ot- ^ Dcn . ; , 

t * , , . determination of PEP-1 concentration. A cation exchnnof* 

sole carbon source, thereby demonstrating that the olasmid u v ^"^uumiuu. a cauon excnange 

u • , . ^ , . / , B ne piasmia chromatography step was then performed usine the filtered 

had been inserted into the host genome by homologous j,,^ *u j r. / aiwluw UMi « uwimerea 

, . . , , , 5 UJf umuju & UUI> eluate from the expanded bed column. PEP-1 was eluted 

recombination rather than transplacement. These transfer- f^ m 1C V, T 1 was eimea 

r«o«*o - 20 from ^ column using 15 mM tnsodium citrate, pH 6.2. 

mants did not require exogenous histidine for growth, A ... . , . 

thereby demonstrating that the plasmid had integrated into AddltKmal P™*** were removed from the PEP-1 prepa- 
re host genome. Selected colonies were cloned Small by h ^ hsMc fraction chromatography (HIC). 
culture expression studies were performed to identify clones J? HIC ' duate fr ° m me catitm exchan 8 € column 
secreting the highest levels of active PEP-1 into the culture 25 was dllut f d Wlth ionium sulfate. The eluate was applied 
medium. PEP-1 secretion levels in clarified culture super- t0 °°™ the PEIM was eluted usin 8 ammonium 
natant solutions were quantified for PEP-1 levels by sodium ( °* 572 ^ m P otassium Phosphate (100 mM), pH 7.0. 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS- ^ eluate Was collected m fractions based on A280 values. 
PAGE) and evaluated for kallikrein inhibition. A yeast clone A11 fractions were collected into sterile, pre-weighed PETG 
was selected for PEP-1 production based on its high level of 30 bottles - 

PEP-1 expression among cultures sampled. Selected fractions were pooled into a clean container. The 

Master and working cell banks of R pastoris producing p ° o1 was concentrated by ultrafiltration. The concentrated 

PEP-1 were prepared commercially (MDS Pharma Services, PEP-1 preparation was immediately diafiltered against ten 

Bothell, Wash.). A standard production of PEP- 1 in yeast 35 w^mes of PBS, pH 7.0. 

comprised three steps as follows: (1) preparation of the seed A final filtration step was performed prior to packaging in 

culture, (2) fermentation, and (3) recovery of the culture. order to minimize the bioburden in the bulk PEP- 1 . The bulk 

The seed culture step consisted of the inoculation of six solution was filtered through a 0-22.mu. filter and collected 

flasks (300 mL each) containing sterile inoculum broth mto a steri * e > pre-weighed PETG bottle. A sample was 

(yeast nitrogen base, potassium phosphate, and glycerol, 40 removed for lot release testing. The remainder of the bulk 

pH=5) with the contents of a single vial of a working cell was dispensed aseptically into sterile PETG bottles and 

bank of R pastoris producing PEP- 1 . Flasks were inoculated stored at -20.degree. C 
in an orbital shaker (300 rpm) for approximately 1 3 hours at 

30.degree. C+-0.2.degree. C. Example 4 

Fermentations were performed in a closed 1 00 liter Braun 45 

fermenter filled with sterile broth. Each fermentation was Kallikrein Inhibition Assay 

initiated with the transfer of the contents of the six seed a i,- *• * - ^ - * . 

tional hourT substrate, prolylphenylalanylarginyl amino methyl cou- 

. " marin. A known amount of kallikrein was incubated with a 

A mixed feed phase, which lasted approximately 83 seriaDy diluted KI polypeptide reference standard or serially 

hours, was then initiated by the addition of a glycerol and diluted KI polypeptide test samples, in a suitable reaction 

methanol feed. At the end of this time, the fermentation was 55 buffer on a microliter plate. Each sample was run in tripli- 

termmated, and the fermenter contents were diluted with cate. The substrate solution was added, and the plate read 

punned water. The purification and processing of PEP-1 immediately using an excitation wavelength of 360 nm and 

consisted of five steps as follows: (I) expanded bed chro- an emission wavelength of 460 nm. At least two each of the 

matography, (2) cation exchange chromatography, (3) reference standard and sample curves were required to have 

hydrophobic interaction chromatography (HIC), (4) uhrafil- 60 an R-squared value of 0.95 to be considered valid, 

trahon and diafiltration, and (5) final filtration and packag- wa Ms mvention ^ been particulariy shown ^ 

^_ . . described with references to preferred embodiments thereof 

The initial purification step consisted of expanded bed it will be understood by those skilled in the art that various 

chromatography. The diluted fermenter culture was applied 6S changes in form and details may be made therein without 

to the equilibrated column packed with Streamline SP resin departing fiom the scope of the invention encompassed by 

(Amersham Pharmacia Streamline 200 chromatography col the appended claims. 
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SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS: 54 

<210> SEQ ID NO 1 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Polypeptide Inhibiting Kallikrein 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 1, 2, 3, 4, 6, 7, 8, 9, 20, 24, 25, 26, 27, 28, 29, 41, 

42, 44, 46, 47, 48, 49, 50, 52, 53, 54, 56, 57, 58 
<223> OTHER INFORMATION: Xaa = any amino acid 
<220> FEATURE: 
<221> NAME/KEY: VARIANT 
<222> LOCATION: 10 

<223> OTHER INFORMATION : Xaa - Asp or Glu 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION: 11 

<223> OTHER INFORMATION: Xaa - Asp, Gly, Ser, Val, Asn, He, Ala or Thr 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 13 

<223> OTHER INFORMATION: Xaa => Arg, His, Pro, Asn, Ser, Thr, Ala, Gly, 

Lys or Gin 
<220> FEATURE: 
<221> NAME /KEY x VARIANT 
<222> LOCATION: 15 

<223> OTHER INFORMATION : Xaa - Arg, Lys, Ala, Ser, Gly, Met, Asn or Gin 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 16 

<223> OTHER INFORMATION : Xaa = Ala, Gly, Ser, Asp or Asn 

<220> FEATURE: 

<221> NAME /KEY : VARIANT 

<222> LOCATION: 17 

<223> OTHER INFORMATION: Xaa - Ala, Asn, Ser, lie, Gly, Val, Gin or Thr 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 18 

<223> OTHER INFORMATION: Xaa = His, Leu, Gin or Ala 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 19 

<223> OTHER INFORMATION: Xaa = Pro, Gin, Leu, Asn or He 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 21 

<223> OTHER INFORMATION: Xaa = Trp, Phe, Tyr, His or He 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 22 

<223> OTHER INFORMATION : Xaa = Tyr or Phe 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 23 

<223> OTHER INFORMATION : Xaa - Tyr or Phe 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 31 

<223> OTHER INFORMATION: Xaa « G lu, Asp, Gin, Asn, Ser, Ala, Val, Leu, 

He or Thr 
<220> FEATURE: 
<221> NAME/KEY: VARIANT 
<222> LOCATION: 32 

<223> OTHER INFORMATION: Xaa = Glu, Gin, Asp, Asn, Pro, Thr, Leu, Ser, 

Ala, Gly or Val 
<220> FEATURE: 
<221> NAME/KEY: VARIANT 
<222> LOCATION: 34 

<223> OTHER INFORMATION: Xaa « Thr, He, Ser, Val, Ala, Asn, Gly or Leu 

c220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 35 

<223> OTHER INFORMATION: Xaa = Tyr, Trp or Phe 
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-continued 

<220> FEATURE I 
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<221> NAME/KEY: VARIANT 
<222> LOCATION r 39 

<223> OTHER INFORMATION : Xaa = Glu, Gly, Ala, Ser or Asp 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 40 

<223> OTHER INFORMATION: Xaa = Gly or Ala 

<220> FEATURE: 

<221> NAME /KEY : VARIANT 

<222> LOCATION: 43 

<223> OTHER INFORMATION t Xaa = Asn or Gly 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION: 45 

<223> OTHER INFORMATION: Xaa » Phe or Tyr 
<400> SEQUENCE: 1 

Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Gly Xaa Cys Xaa Xaa 
1 5 io 



15 



Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa 
20 25 30 

Phe Xaa Xaa Gly Gly Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
35 40 45 

Xaa Xaa Cys Xaa Xaa Xaa Cys Xaa Xaa Xaa 
50 5 5 

<210> SEQ ID NO 2 
<211> LENGTH: 60 
<212> TYPE: PRT 

<:213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 2 

Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys 
1 5 io 15 

Arg Ala Ala His Pro Arg Trp Phe Phe Asn lie Phe Thr Arg Gin Cys 
20 25 30 

Glu Glu Phe lie Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu 
35 40 45 

Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 eo 

<210> SEQ ID NO 3 
<211> LENGTH: 179 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Seguence 
<220> FEATURE: 

<223> OTHER INFORMATION: Coding Sequence of Pep-1 
<400> SEQUENCE: 3 

gaggctatgc actctttctg tgctttcaag gctgacgacg gtcgtgcaga gctgctcacc 60 
caagatggtt cttcaacatc ttcacgcgtc aatgcgagga gttcatctac ggtggttgtg 120 
agggtaacca aaacagattc gagtctctag aggagtgtaa gaagatgtgt actagagac 179 



<210> SEQ ID NO 4 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 



<400> SEQUENCE: 4 
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-continued 



Met Hie Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Lys Ala 
15 io 15 

Asn His Leu Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 5 
<211> LENGTH : 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 5 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala 
15 10 15 

Asn His Gin Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Thr Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 6 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE r 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 6 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala 
15 10 15 

Asn His Gin Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Gin 
20 25 30 

Phe Thr Tyr Gly Gly Cys Ala Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 7 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 7 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala 
15 10 15 

Ser Leu Pro Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe lie Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 
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-continued 



<210> SEQ ID NO 8 
<211> LENGTH: 58 
<212> TYPEr PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: B 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala 
15 10 15 

Asn His Gin Arg Phe Phe Phe Asn lie Phe The Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 9 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Isolated Binding Peptide 
<400> SEQUENCE: 9 

Met His Ser. Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Gly 
15 10 15 

Ala His Leu Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe lie Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 10 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 10 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Arg Cys Lys Gly 
15 10 15 

Ala His Leu Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe lie Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 11 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE; 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 11 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg Cys Arg Gly 
15 10 15 

Ala His Pro Arg Trp Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
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-continued 



20 25 30 

Phe Ser Tyr Gly Gly Cye Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 12 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 12 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala 
1 5 10 15 

Ala His Pro Arg Trp Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 13 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 13 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Val Gly Arg Cys Arg Gly 
1 5 10 15 

Ala His Pro Arg Trp Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 14 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE i 14 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Val Gly Arg Cys Arg Gly 
1 5 10 15 

Ala Gin Pro Arg Phe Phe Phe Asn Tie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 15 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM i Artificial Sequence 
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<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCES 15 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Ser Cys Arg Ala 
15 io 15 

Ala Hie Leu Arg Trp Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 . 45 

Glu Glu Cye Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 16 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Seguence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 16 

Met His Ser Phe Cys Ala Phe Lys Ala Glu Gly Gly Ser Cys Arg Ala 
1 5 10 15 

Ala His Gin Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 

50 f 55 



<210> SEQ ID NO 17 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Isolated Binding Peptide 
<400> SEQUENCE: 17 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Gly 
1 5 10 15 

Ala His Leu Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 18 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE : 18 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Arg Gly 
15 10 15 

Ala Leu Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 
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Glu Glu Cys Lys- Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 19 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 19 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Ser Gly Asn Cys Arg Gly 
15 io 15 

Asn Leu Pro Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 20 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM; Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 20 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Ser Gly Arg Cys Arg Gly 
15 io 15 

Asn His Gin Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 21 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 21 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg Cys Arg Ala 
15 10 15 

He Gin Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 22 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 



<400> SEQUENCE : 22 
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Arg Cys Arg Gly 
15 10 15 

Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 23 
<211> LENGTH: 6 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Modified Cloning Site 

<400> SEQUENCE: 23 

ttcgaa 



<210> SEQ ID NO 24 
<211> LENGTH: 8 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified Cloning Site 

<400>' SEQUENCE : 24 

ttcgcgaa 



<210> SEQ ID NO 25 
<211> LENGTH: 6 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified Cloning Site 

<400> SEQUENCE: 25 

gacgtc 



<210> SEQ ID NO 26 
<211> LENGTH: 10 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
c220> FEATURE: 

<223> OTHER INFORMATION: Modified Cloning Site 

<400> SEQUENCE: 26 

gacgtacgtc 



<210> SEQ ID NO 27 
<211> LENGTH: 548 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Nucleotide Sequence of Fusion Protein 
<400> SEQUENCE: 27 

cgacttttaa cgacaacttg agaagatcaa aaaacaacta attattcgaa acgatgagat 60 
tcccatctat cttcactgct gttttgttcg ctgcttcctc tgctttggct gctccagtta 120 
acaccactac tgaagacgag actgctcaaa ttcctgctga ggctgtcatc ggttactctg 180 
acttggaagg tgacttcgac gtcgctgttt tgccattctc taactctact aacaacggtt 240 
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tgttgttcat caacactacc atcgcttcta tcgctgctaa ggaggaaggt gtttccctcg 300 

agaagagaga ggctatgcac tctttctgtg ctttcaaggc tgacgacggt ccgtgcagag 360 

ctgctcaccc aagatggttc ttcaacatct tcacgcgtca atgcgaggag ttcatctacg 420 

gtggttgtga gggtaaccaa aacagattcg agtctctaga ggagtgtaag aagatgtgta 480 

ctagagacta gtaagaattc gccttagaca tgactgttcc tcagttcaag ttgggcactt 540 
acgagaag 



<210> SEQ ID NO 28 
<211> LENGTH: 145 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion Protein 
<400> SEQUENCE: 28 

Met Arg Phe Pro Ser lie Phe Thr Ala Val Leu Phe Ala Ala Ser Ser 
1 5 10 15 

Ala Leu Ala Ala Pro Val Aen Thr Thr Thr Glu Asp Glu Thr Ala Gin 
20 25 30 

He Pro Ala Glu Ala Val He Gly Tyr Ser Asp Leu Glu Gly Asp Phe 
35 40 45 

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu 
50 55 60 

Phe He Asn Thr Thr He Ala Ser He Ala Ala Lys Glu Glu Gly Val 
65 70 75 * 8Q 

Ser Leu Glu Lys Arg Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala 
85 90 95 

Asp Asp Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn He 
1Q 0 105 no 

Phe Thr Arg Gin Cys Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn 
115 120 12 5 

Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Ara 
130 135 140 

Asp 
145 



<210> SEQ ID NO 29 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: BPTI Sequence 
<400> SEQUENCE: 29 

Arg Pro Asp Phe Cys Leu Glu Pro Pro Tyr Thr Gly Pro Cys Lys Ala 
15 10 15 

Arg lie He Arg Tyr Phe Tyr Asn Ala Lys Ala Gly Leu Cys Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Arg Ala Lys Arg Asn Asn Phe Lys Ser Ala 
35 40 45 

Glu Asp Cys Met Arg Thr Cys Gly Gly Ala 
50 55 



548 



<210> SEQ ID NO 30 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
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<220> FEATURE i 

<223> OTHER INFORMATION: ITI-DI Sequence 
<400> SEQUENCES 30 

Lys Glu Asp Ser Cys Gin Leu Gly Tyr Ser Ala Gly Pro Cys Met Gly 
15 10 15 

Met Thr Ser Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cys Glu Thr 
20 25 30 

Phe Gin Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
35 40 45 

Lys Glu Cys Leu Gin Thr Cys Arg Thr Val 
50 55 



<210> SEQ ID NO 31 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: ITI-D2 Sequence 
<400> SEQUENCE: 31 

Thr Val Ala Ala Cys Asn Leu Pro lie Val Arg Gly Pro Cys Arg Ala 
1 5 io 15 

Phe He Gin Leu Trp Ala Phe Asp Ala Val Lys Gly Lys Cys Val Leu 
20 25 30 

Phe Pro Tyr Gly Gly Cye Gin Gly Asn Gly Asn Lys Phe Tyr Ser Glu 
35 40 45 

Lys Glu Cys Arg Glu Tyr Cys Gly Val Pro 
50 55 

I 

<210> SEQ ID NO 32 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: LACI-D1 Sequence 
<400> SEQUENCE: 32 

Met His Ser- Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Lys Ala 
1 5 io 15 

He Met Lys Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 33 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM r Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : LACI-D2 Sequence 
<400> SEQUENCE: 33 

Lys Pro Asp Phe Cys Phe Leu Glu Glu Asp Pro Gly He Cys Arg Gly 
15 io 15 

Tyr He Thr Arg Tyr Phe Tyr Asn Asn Gin Thr Lys Gin Cys Glu Arq 
20 25 30 

Phe Lys Tyr Gly Gly Cys Leu Gly Asn Met Asn Asn Phe Glu Thr Leu 
35 40 45 
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Glu Glu Cys Lys Asn He Cys Glu Asp Gly 
50 55 



<210> SEQ ID NO 34 
<2ll> LENGTH: 58 
<212> TYPE s PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: LACI-D3 Sequence 
<400> SEQUENCE: 34 

Gly Pro Ser Trp Cys Leu Thr Pro Ala Asp Arg Gly Leu Cys Arg Ala 
1 5 X0 is 

Asn Glu Asn Arg Phe Tyr Tyr Asn Ser Val He Gly Lys Cys Arg Pro 



20 



30 



Phe Lys Tyr Ser Gly Cys Gly Gly Asn Glu Asn Asn Phe Thr Ser Lys 
35 40 45 

Gin Glu Cys Leu Arg Ala Cys Lys Lys Gly 
50 55 



<210> SEQ ID NO 35 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HKI B9 Sequence 
<400> SEQUENCE : 35 

Leu Pro Asn Val Cys Ala Phe Pro Met Glu Lys Gly Pro Cys Gin Thr 
1 5 io is 

Tyr Met Thr Arg Trp Phe Phe Asn Phe Glu Thr Gly Glu Cye Glu Leu 
20 25 30 

Phe Ala Tyr Gly Gly Cys Gly Gly Asn Ser Asn Asn Phe Leu Arg Lys 
35 40 45 

Glu Lys Cys Glu Lys Phe Cys Lys Phe Thr 
50 55 



<210> SEQ ID NO 36 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM; Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : C alpha 3 Sequence 
<400> SEQUENCE : 36 

Glu Thr Asp He Cys Lys Leu Pro Lys Asp Glu Gly Thr Cys Arg Asp 
1 5 io 15 

Phe He Leu Lys Trp Tyr Tyr Asp Pro Asn Thr Lys Ser Cys Ala Arg 
20 25 30 

Phe Trp Tyr Gly Gly Cys Gly Gly Asn Glu Asn Lys Phe Gly Ser Gin 
35 40 45 

Lys Glu Cys Glu Lys Val Cys Ala Pro Val 
50 55 



<210> SEQ ID NO 3? 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : TFPI-2 Dl Sequence 



<400> SEQUENCE: 37 



43 
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Asn Ala Glu He Cys Leu Leu Pro Leu Asp Tyr Gly Pro Cys Arg Ala 
15 10 is 

Leu Leu Leu Arg Tyr Tyr Tyr Asp Arg Tyr Thr Gin Ser Cys Arg Gin 
20 25 30 

Phe Leu Tyr Gly Gly Cys Glu Gly Asn Ala Asn Asn Phe Tyr Thr Trp 
35 40 45 

Glu Ala Cys Asp Asp Ala Cys Trp Arg He 
50 55 



<210> SEQ ID NO 38 
<211> LENGTH: 61 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: TFPI-2 D2 Sequence 
<400> SEQUENCE: 38 

Val Pro Lys Val Cys Arg Leu Gin Val Ser Val Asp Asp Gin Cys Glu 
15 10 is 

Gly Ser Thr Glu Lys Tyr Phe Phe Asn Leu Ser Ser Met Thr Cys Glu 
20 25 30 

Lys Phe Phe Ser Gly Gly Cys His Arg Asn Arg He Glu Asn Arg Phe 
35 40 45 

Pro Asp Glu Ala Thr Cys Met Gly Phe Cys Ala Pro Lys 
50 55 go 



<210> SEQ ID NO 39 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: TFPI-2 D3 Sequence 
<400> SEQUENCE: 39 

He Pro Ser Phe Cys Tyr Ser Pro Lys Asp Glu Gly Leu Cys Ser Ala 
15 io 15 

Asn Val Thr Arg Tyr Tyr Phe Asn Pro Arg Tyr Arg Thr Cys Asp Ala 
20 25 30 

Phe Thr Tyr Thr Gly Cys Gly Gly Asn Asp Asn Asn Phe Val Ser Arg 
35 40 45 

Glu Asp Cys Lys Arg Ala Cys Ala Lys Ala 
50 55 



<210> SEQ ID NO 40 
<211> LENGTH: 59 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : APP-I Sequence 
<400> SEQUENCE : 40 

Arg Asn Arg Glu Val Cys Ser Glu Gin Ala Glu Thr Gly Pro Cys Arg 
1 5 io is 

Ala Met He Ser Arg Trp Tyr Phe Asp Val Thr Glu Gly Lys Cys Ala 
20 25 30 

Pro Phe Phe Tyr Gly Gly Cys Gly Gly Asn Arg Asn Asn Phe Asp Thr 
35 40 45 

Glu Glu Tyr Cys Met Ala Val Cys Gly Ser Ala 
50 55 



45 
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<210> SEQ ID NO 41 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM; Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EpiNE7 Sequence 
<400> SEQUENCE r 41 

Arg Pro Asp Phe Cys Leu Glu Pro Pro Tyr Thr Giy Pro Cys Val Ala 
1 5 10 15 

Met Phe Pro Arg Tyr Phe Tyr Asn Ala Lys Ala Gly Leu Cys Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Lys Ser Ala 
35 40 45 

Glu Asp Cys Met Arg Thr Cys Gly Gly Ala 
50 55 



<210> SEQ ID NO 42 
<211> LENGTHS 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: BITI-E7-141 Sequence 
<400> SEQUENCE s 42 

Arg Pro Asp Phe Cys Gin Leu Gly Tyr Ser Ala Gly Pro Cys Val Ala 
15 10 15 

Met Phe Pro Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cys Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
35 40 45 

Lys Asp Cys Leu Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ ID NO 43 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MUTT26A Sequence 
<400> SEQUENCE: 43 

Arg Pro Asp Phe Cys Gin Leu Gly Tyr Ser Ala Gly Pro Cys Val Ala 
1 5 10 15 

Met Phe Pro Arg Tyr Phe Tyr Asn Gly Ala Ser Met Ala Cys Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
35 40 45 

Lys Asp Cys Leu Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ ID NO 44 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MUTQE Sequence 
<400> SEQUENCE: 44 



Arg Pro Asp Phe Cys Gin Leu Gly Tyr Ser Ala Gly Pro Cys Val Ala 
15 10 15 
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Met Phe Pro Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cys Glu Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
35 40 45 

Lys Asp Cys Leu Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ ID NO 45 
<211> LENGTH: 58 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MUT1619 Sequence 
<400> SEQUENCE: 45 

Arg Pro Asp Phe Cys Gin Leu Gly Tyr Ser Ala Gly Pro Cys Val Gly 
15 10 15 

Met Phe Ser Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cye Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
35 40 45 

Lys Asp Cys Leu Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ ID NO 46 
<211> LENGTH: 62 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EPI-HNE-1 Sequence 
<400> SEQUENCE: 46 

Glu Ala Glu Ala Arg Pro Asp Phe Cys Leu Glu Pro Pro Tyr Thr Gly 
15 10 15 

Pro Cys lie Ala Phe Phe Pro Arg Tyr Phe Tyr Asn Ala Lys Ala Gly 
20 25 30 

Leu Cys Gin Thr Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn 
35 40 45 

Phe Lys Ser Ala Glu Asp Cys Met Arg Thr Cys Gly Gly Ala 
50 55 60 



<210> SEQ ID NO 47 
<211> LENGTH: 56 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EPI-HNE-2 Sequence 
<400> SEQUENCE: 47 

Ala Ala Cys Asn Leu Pro lie Val Arg Gly Pro Cys He Ala Phe Phe 
15 10 15 

Pro Arg Trp Ala Phe Asp Ala Val Lys Gly Lys Cys Val Leu Phe Pro 
20 25 30 

Tyr Gly Gly Cys Gin Gly Asn Gly Asn Lye Phe Tyr Ser Glu Lys Glu 
35 40 45 

Cys Arg Glu Tyr Cys Gly Val Pro 
50 55 



<210> SEQ ID NO 4B 
<211> LENGTH: 56 
<212> TYPE: PRT 
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<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EPI-HNE-3 Sequence 
<400> SEQUENCE: 48 

Ala Ala Cys Asn Leu Pro lie Val Arg Gly Pro Cys lie Ala Phe Phe 
1 5 10 15 

Pro Arg Trp Ala Phe Asp Ala Val Lys Gly Lys Cys Val Leu Phe Pro 

20 25 30 

Tyr Gly Gly Cys Gin Gly Asn Gly Asn Lys Phe Tyr Ser Glu Lys Glu 
35 40 45 

Cys Arg Glu Tyr Cys Gly Val Pro 
50 55 



<210> SEQ ID NO 49 
<211> LENGTH: 56 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE ; 

<223> OTHER INFORMATION: EPI-HNE-4 Sequence 
<400> SEQUENCE: 49 

Glu Ala Cys Asn Leu Pro He Val Arg Gly Pro Cys He Ala Phe Phe 
1 5 io 15 

Pro Arg Trp Ala Phe Asp Ala Val Lys Gly Lys Cys Val Leu Phe Pro 
20 25 30 

Tyr Gly Gly Cys Gin Gly Asn Gly Asn Lys Phe Tyr Ser Glu Lys Glu 
35 40 45 

Cys Arg Glu Tyr Cys Gly Val Pro 
50 55 



<210> SEQ ID NO 50 
<211> LENGTH : 60 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : DPI14 KR Sequence 
<400> SEQUENCE : 50 

Glu Ala Val Arg Glu Val Cys Ser Glu Gin Ala Glu Thr Gly Pro Cys 
15 10 15 

He Ala Phe Phe Pro Arg Trp Tyr Phe Asp Val Thr Glu Gly Lys Cys 
20 25 30 

Ala Pro Phe Phe Tyr Gly Gly Cys Gly Gly Asn Arg Asn Asn Phe Asp 
35 40 45 

Thr Glu Glu Tyr Cys Met Ala Val Cys Gly Ser Ala 
50 55 60 



<210> SEQ ID NO 51 
<211> LENGTH: 60 
<212> TYPE: PRT 

<213> ORGANISM r Artificial Sequence 
<220> FEATURE i 

<223> OTHER INFORMATION: DPI24 KR Sequence 
<400> SEQUENCE: 51 

Glu Ala Asn Ala Glu He Cys Leu Leu Pro Leu Asp Tyr Gly Pro Cys 
15 10 15 

He Ala Phe Phe Pro Arg Tyr Tyr Tyr Asp Arg Tyr Thr Gin Ser Cys 
20 25 30 

Arg Gin Phe Leu Tyr Gly Gly Cys Glu Gly Asn Ala Asn Asn Phe Tyr 
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35 40 45 

Thr Trp Glu Ala Cys Asp Asp Ala Cys Trp Arg He 
SO 55 60 

<210> SEQ ID NO 52 
<211> LENGTH: 60 
<212> TYPE r PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: DPI68 KR Sequence 
<400> SEQUENCE: 52 

Glu Ala Lys Pro Asp Phe Cys Phe Leu Glu Glu Asp Pro Gly He Cys 
15 io 15 

He Gly Phe Phe Pro Arg Tyr Phe Tyr Asn Asn Gin Ala Lys Gin Cys 
20 25 30 

Glu Arg Phe Val Tyr Gly Gly Cys Leu Gly Asn Met Asn Asn Phe Glu 
35 40 45 

Thr Leu Glu Glu Cys Lys Asn He Cys Glu Asp Gly 
50 55 60 



<210> SEQ ID NO 53 
<211> LENGTH: 60 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: DPI84 KR Sequence 
<4 00> SEQUENCE: 53 

Glu Ala Glu Thr Asp He Cys Lys Leu Pro Lys Asp Glu Gly Thr Cys 
^5 io is 

He Ala Phe Phe Pro Arg Trp Tyr Tyr Asp Pro Asn Thr Lys Ser Cys 
20 25 30 

Ala Arg Phe Val Tyr Gly Gly Cys Gly Gly Asn Glu Asn Lys Phe Glv 
35 40 45 

Ser Gin Lys Glu Cys Glu Lys Val Cys Ala Pro Val 
50 55 60 



<210> SEQ ID NO 54 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: VARIANT 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION: 10 

<223> OTHER INFORMATION: Xaa = Asp or Glu 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 11 

<223> OTHER INFORMATION : Xaa - Asp, Gly, Ser, Val, Asn, He, Ala or Thr 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 13 

<223> OTHER INFORMATION: Xaa « Arg, His, Pro, Asn, Ser, Thr, Ala, Gly, 

Lys or Gin 
<220> FEATURE: 
<221> NAME/KEY: VARIANT 
<222> LOCATION: 15 

<223> OTHER INFORMATION: Xaa - Arg, Ala, Ser, Gly, Met, Asn or Gin 

<220> FEATURE: 

<221> NAME /KEY : VARIANT 

<222> LOCATION: 16 

<223> OTHER INFORMATION: Xaa - Ala, Gly, Ser, Asp or Asn 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 
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-continued 



<222> LOCATION: 17 

<223> OTHER INFORMATION: Xaa = Ala, Asn, Ser, He, Gly, Val, Gin or Thr 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION: 18 

<223> OTHER INFORMATION: Xaa = His, Leu, Gin or Ala 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION: 19 

<223> OTHER INFORMATION: Xaa = Pro, Gin, Leu, Asn or He 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 21 

<223> OTHER INFORMATION: Xaa = Trp, Phe, Tyr, His or He 

<220> FEATURE: 

<221> NAME /KEY : VARIANT 

<222> LOCATION: 31 

<223> OTHER INFORMATION: Xaa = Glu, Asp, Gin, Asn, Ser, Ala, Val, Leu> 

He or Thr 
<220> FEATURE: 
<221> NAME /KEY : VARIANT 
<222> LOCATION: 32 

<223> OTHER INFORMATION: Xaa = Glu, Gin, Asp, Asn, Pro, Thr, Leu, Ser, 

Ala, Gly or Val 
<220> FEATURE: 
<221> NAME /KEY : VARIANT 
<222> LOCATION: 34 

<223> OTHER INFORMATION: Xaa ~ Thr, He, Ser, Val, Ala, Asn, Gly or Leu 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: 35 

<223> OTHER INFORMATION: Xaa = Tyr, Trp or Phe 

<220> FEATURE: 

<221> NAME /KEY : VARIANT 

<222> LOCATION: 39 

<223> OTHER INFORMATION: Xaa « Glu, Gly, Ala, Ser or Asp 



<400> SEQUENCE: 54 

Met His Ser Phe Cys Ala Phe Lys Ala Xaa Xaa Gly Xaa Cys Xaa Xaa 
1 5 io is 

Xaa Xaa Xaa Arg Xaa Phe Phe Asn He Phe Thr Arg Gin Cys Xaa Xaa 
20 25 30 

Phe Xaa Xaa Gly Gly Cys Xaa Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



45 



What is claimed is: 3. The isolated polypeptide of claim 1, wherein the 

1. An isolated polypeptide comprising the amino acid polypeptide consists of the amino acid sequence: Met His 
sequence: Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Se * Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala 
Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn lie Ala His Pro Arg Trp Hie Phe Asn lie Phe Thr Arg Gin Cys 
Phe Thr Arg Gin Cys Glu Glu Phe lie Tyr Gly Gly Cys Ghi 50 Glu Glu ^e He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg 
Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Phe Ghj Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
Met Cys Thr Arg Asp (amino acids 3-60 of SEQ ID NO:2), (amino acids 3-60 of SEQ ID NO:2). 

wherein the polypeptide inhibits kallikrein. 4- The isolated polypeptide of claim 2, wherein the 

2. The isolated polypeptide of claim 1, wherein the polypeptide consists of the arnino acid sequence: Gru Ala 
polypeptide comprises the amino acid sequence: Glu Ala 55 MetHis SerPheCysAla Phe Lys Ala Asp Asp Gly Pro Cys 
Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys ^ Ma Ma m * A*E Tt ? Phe Mn He Phe Thr Axg 
Arg Ala Ala His Pro Arg Trp Phe Phe Asn lie Phe Thr Arg • Gm GIu GIu Phe Ue T y r GI y G] y c y s Glu G1 y Asn Gin 
Gin Cys GIu Glu Phe lie Tyr Gly Gly Cys GIu Gly Asn Gin Asn ^ Phe GIu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr 
Asn Arg Phe GIu Ser Leu Glu GIu Cys Lys Lys Met Cys Thr Arg Asp (SEQ ID NO:2). 
ArgAsp(SEQlDNO:2). ***** 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 



Food and Drug Administration 
Silver Spring MD 20993 

OurSTN: BL 125277/0 



Dyax Corporation 
300 Technology Square 
Cambridge, MA 02139 

Attention: Nicole D'Auteuil 

_ Senior Director, Regulatory Affairs 

Dear Ms. D'Auteuil: 

Please refer to your biologies license application (BLA), dated September 23, 2008. received 
September 23, 2008, submitted under section 351 of the Public Health Service Act (PHSA) for 
Kalbitor (ecallantide) injection. 



BLA APPROVAL 
December 1, 2009 



We acknowledge receipt of your submissions dated December 31, 2007, March 27, September 
23, October 10 and 30, November 13, 18, and 26, and December 9, 1 1, 15, 19(2) 23 24 and 31 
2008, and January 5, 9, 13, 16, 21, 23, 27, 28, and 29, February 11, 12, 13, 20, and 27, M^rch 9 ' 
May 31, June 10 and 29, July 21, August 12 and 31, September 29, October 26 (3) and 30 P) ' 
November 9, 16, 17, 1 8, 19, 23 (2), 24, 25, and 27, and December 1, 2009. 

The May 31, 2009, submission constituted a complete response to our March 25, 2009 action 
letter. 

We have completed our review of your application and are issuing Department of Health and 
Human Services U.S. License No. 1789 to Dyax Corporation, Cambridge, Massachusetts, under 
the provisions of section 351(a) of the PHSA controlling the manufacture and sale of biological 
products. The license authorizes you to introduce into, or deliver for introduction into, interstate 
commerce those products for which your company has demonstrated compliance with 
establishment and product standards. 

Under this license, you are authorized to manufacture the product Kalbitor (ecallantide) 
injection. Kalbitor (ecallantide) injection is indicated for the treatment of acute attacks of 
hereditary angioedema in patients 16 years of age and older. 

Under this license, you are approved to manufacture ecallantide drug substance at Avecia 
Biologies in Billingham, United Kingdom. The final formulated product will be manufactured, 
filled, labeled, and packaged at HoUister-Stier Laboratories, LLC, Spokane, Washington. You 
may label your product with the proprietary name Kalbitor and market it as a sterile liquid in 
single-dose, 2-mL glass vials (1-mL fill), 10 mg/mL for subcutaneous injection. 
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You currently are not required to submit samples of future lots of Kalbitor (ecallantide) injection 
to the Center for Drug Evaluation and Research (CDER) for release by the Director, CDER, 
under 21 CFR 610,2. We will continue to monitor compliance with 21 CFR 610.1 requiring 
completion of testeforeonfbnrrity with standards applicable to each product to release of each 
lot 

You must submit information to your biologies license application for our review and written 
approval under 21 CFR 601 .12 for any changes in the manufacturing, testing, packaging, or 
labeling of Kalbitor (ecallantide) injection, or in the manufacturing facilities. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

Because this biological product for this indication has an orphan drug designation, you are 
exempt from this requirement. 

POSTMAR KETING REQUIREMENTS UNDER S0S(o\ 

Section 505(o) of the Federal Food, Drug, and Cosmetic Act (FDCA) authorizes FDA to require 
holders of approved drug and biological product applications to conduct postmarketing studies 
and clinical trials for certain purposes, if FDA makes certain findings required by the statute 
(section 505(o)(3)(A)). 

We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(l ) of the FDCA will not be sufficient to assess a known serious risk of 
hypersensitivity reactions and immunogenicity, a theoretical risk of disordered coagulation, and 
an unexpected, serious risk of malignancy with use of Kalbitor (ecallantide) injection. 

Furthermore, the new pharmacovigilance system that FDA is required to establish under section 
505(k)(3) of the FDCA has not yet been established and is not sufficient to assess these serious 
risks. 



Therefore, based on appropriate scientific data, FDA has determined that you are required to 
conduct the following: 



1 . A long-term, observational safety study with Kalbitor (ecallantide) in patients with 
hereditary angioedema to evaluate hypersensitivity, immunogenicity, and coagulation 

, disorders. The study should include the following objectives: 1) identify predictive risk 
factors and develop effective screening tools to mitigate the risk of hypersensitivity and 
anaphylaxis; 2) correlate antibody levels with adverse events and lack of efficacy; and 3) 
evaluate the risk of hypercoagulability and hypocoagulability. 
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The timetable you submitted on November 19, 2009, states that you will conduct this 
study according to the following timetable: 

Final Protocol Submission: , December 2009 
Study Completion Date: February 2014 

Final Report Submission: August 20 14 

2. Establish the sensitivity and cutpoint for the anti-ecallantide neutralizing antibody assay, 
using immunoaffinity-purified ecallantide-specific human IgG. 

The timetable you submitted on November 19, 2009, states that you will conduct this 
study according to the following timetable: 

Final Report Submission: March 20 1 0 

3. Evaluate for cross-reactivity of anti-ecallantide antibodies with TFPI, perform studies to 
determine if human anti-ecallantide antibodies bind TFPI, and perform suitability studies 
and epitope mapping of the human anti-ecallantide antibody response if binding is 
observed. 

The timetable you submitted on November 19, 2009, states that you will conduct this 
study according to the following timetable: 

Final Report Submission: August 2010 

4. Develop and validate anti-ecallantide and anti-P. /?atfom-specific human IgE detection 
assays using a sensitive platform such as ECL. Such assays should be free from 
interference by anti-ecallantide IgG antibodies. 

The timetable you submitted on November 1 9, 2009, states that you will conduct this 
study according to the following timetable: 

Method Development Reports Submission: April 201 0 
Final Report Submission: September 201 0 

5. A study in rats to evaluate the carcinogenic potential of ltalbitor (ecallantide). The six- 
month subcutaneous toxicology study with rats could serve as the basis of dose selection. 

The timetable you submitted on November 19, 2009, states that you will conduct this 
study according to the following timetable: 

Final Protocol Submission: June 2010 

Study Completion Date: September 20 1 2 

Final Report Submission: September 2013 
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Submit the protocols to your IND, with a cross-reference letter to this BLA 125277 Submit all 
final reports to your BLA 125277. Prominently identify submissions with the following wording 
in bold capital letters at the top of the first page of the submission, as appropriate: 

• REQUIRED POSTMARKETING PROTOCOL UNDER 505(o) 

• REQUIRED POSTMARKETING FINAL REPORT UNDER 505(o) 

• REQUIRED POSTMARKETING CORRESPONDENCE UNDER 505(o) 

Section 505(oX3)(E)(ii) of the FDCA requires you to report periodically on the status of any 
study or cluneal trial required under mis section. This section also requires you to periodically 
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a 
safety issue. Section 506B of the FDCA, as well as 21 CFR 601.70 requires you to report 
annually on the status of any postmarketing commitments or required studies or clinical trials. 

FDA will consider the submission of your annual report under section 506B and 21 CFR 601 70 
to satisfy the periodic reporting requirement under section 505(oX3XE)(ii) provided that you 
include the elements listed in 505(o) and 21 CFR 601.70. We remind you that to comply with 
505(o), your annual report must also include a report on the status of any study or clinical trial 
otherwise undertaken to investigate a safety issue. Failure to submit an annual report for studies 
or clinical trials required under 505(o) on the date required will be considered a violation of 
FDCA section 505(o)(3)(EXii) and could result in enforcement action. 

POSTMARKETING COMMI TMENTS SUBJECT TO REPORTING REQUIREM ENTS 
OF SECTION 506B ~ i:LL2 

We acknowledge your written commitments as described in your letter of November 24 2009 as 
outlined below: * ' 



». The submission, as a pre-approval supplement, of an updated stability protocol for drug 
product that will add an accelerated or stress stability condition as part of the annual 
stability program. The data accumulated from this protocol will be submitted to the BLA 
on an annual basis. 



Final Protocol Submission: January 2010 

'. To evaluate the minimum fill volume required to provide appropriate dosage withdrawal 
and whether an adjustment to the fill volume for the drug product is necessary to reduce 
the likelihood that a patient will be overdosed with any excess drug product. The final 
study report including identification of a new fill volume, if found to be necessary, will 
be provided. Should the fill volume need to be changed, this report will include a ' 
proposed execution plan. 

Final Report Submission: April 20 10 



BL 125277/0 
Page 5 



RISK EVALUATION AND MI TIGATION STRA TEGY imTrottMinsrrg 

SSSfn <R ^5? detem ™« that such a strategy is necessary to ensure that 

the benefits of the drug outweigh the risks (section 505-1 (a)). 

S ^ m J tted ° n J? 8 ? mb6r h 2009 > "* W» ded to ^er, is approved. 
The REMS consists of a Medication Guide, a communication plan, and a timetable for 
submission of assessments of the REMS. umeiame ior 

The REMS assessment plan should include but is not limited to the following: 

a. A summary of all reported serious hypersensitivity reactions with analysis of adverse 
event reporting by prescriber type. 

b. Specification of measures that would be taken to increase awareness if surveys of health 
care providers indicate that provider awareness is not adequate. 

c. An evaluation of health care providers' understanding and patients' understanding of the 
serious risks of Kalbitor (ecallantide) injection. unaerstanding or the 

d. Based on the information submitted, an assessment and conclusion of whether the REMS 
is meeting its goals, and whether modifications to the REMS are needed. 

Assessments of an approved REMS must also include, under section 505-1 (g)(3XB) and (C) 
SSSST 1 T ^ P° St - a PP roval or clinical trial required SSSta ' 
' ( } S^T" 96 undertaken to investigate a safety issue. You cansatisfy these requirements 
n your REMS assessment by referring to relevant information included in the mos?SnT 
annual report required under section 506B, and 21 CFR 601 .70, and including any updates to the 
status ^formation since the annual report was prepared. Failure to comply witTL REMS 
assessments provisions in section 505-lfc) could result in enforcement action. 

We remind you that in addition to the assessments submitted according to the timetable included 
m the approved REMS, you must submit a REMS assessment and may propose a modification to 
die approved REMS when you submit a supplemental application for a new indication fo^ei 
described m section 505- 1 (g)(2)(A) of FDCA. 

Prominently identify the submission containing the REMS assessments or proposed 
Sbmi5on nS fo,Iowin 8 word »*g *«* bold capital letters at the top of the first page of the 



BLA 125277 

REMS ASSESSMENT 
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NEW SUPPLEMENT FOR BLA 125277 
PROPOSED REMS MODIFICATION 
REMS ASSESSMENT 

NEW SUPPLEMENT (NEW INDICATION FOR USE) FOR BLA 125277 
REMS ASSESSMENT 

PROPOSED REMS MODDJICATION (if included) 

If you do not submit electronically, please send five copies of REMS-related submissions. 

We request that the labeling approved today be available on your website within 10 days of 
product launch. 

REPORTING REQUIREMENTS 

You must submit adverse experience reports under the adverse experience reporting 
requirements for licensed biological products (21 CFR 600.80). In addition, you should submit 
all reports of serious anaphylactic or hypersensitivity events within 1 5 days of receipt as 1 5-day 
expedited reports. You should submit postmarketing adverse experience reports to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Central Document Room 

590 1 -B Ammendale Road 

Beitsville, MD 20705-1266. 

Prominently identify all adverse experience reports as described in 21 CFR 600.80. 

The MedWatch-to-Mamifacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at 
http://www.fda.gov/Safetv/MedWatch/HowToReDort/ucml 6691 Ohrm 

You must submit distribution reports under the distribution reporting requirements for licensed 
biological products (21 CFR 600.81). 

You must submit reports of biological product deviations under 21 CFR 600. 14. You should 
promptly identify and investigate all manufacturing deviations, including those associated with 
processing, testing, packing, labeling, storage, holding and distribution. If the deviation involves 
a distributed product, may affect the safety, purity, or potency of the product, and meets the other 
criteria in the regulation, you must submit a report on Form FDA 3486 to: 
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Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Compliance Risk Management and Surveillance 

5901 -B Ammendale Road 

Beltsvilte, MD 20705-1266 

Biological product deviations sent by courier or overnight mail should be addressed to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Compliance Risk Management and Surveillance 

10903 New Hampshire Avenue, Bldg. 51, Room 4203 

Silver Spring, MD 20992-0002 

CONTENT OF LABELING 

Within 14 days of the date of this letter, submit content of labeling (21 CFR 601 . 14(b)) in 
structured product labeling (SPL) format, as described at 

http://vyTw.fda.aov/ForI ndust^^ j s 
identical in content to the enclosed labeling (text for the package insert and Medication Guide 
submitted November 27, 2009). The content of labeling should be submitted by updating your 
application by referencing the SPL file submitted to the drug establishment registration and drug 
listing system. To do this, place a link in your application submission that directs FDA to your 
SPL file. For administrative purposes, please designate this submission "Product 
Correspondence - Final SPL for approved BLA STN 125277." In addition, within 14 days of 
the date of this letter, amend any pending supplements for this BLA with content of labeling in 
SPL format to include the changes approved in this supplement For additional information on 
submitting labeling to drug establishment registration and drug listing and to applications, see the 
FDA guidances at 

http://v^w.fda,gov/do wnloads/Dmgs/Guidanc^ 
cm072339.pdf and 

http://www.fda. gov/do wnloaoVDmgs/Guia^ 
CM072392.pdf. 

CARTON AND CONTAINER LABELS 

Submit final printed carton and container labels that are identical to the labels submitted 
November 23, 2009, as soon as they are available but no more than 30 days after they are 
printed. Please submit these labels electronically according lo the guidance for industry titled 
Providing Regulatory Submissions in Electronic Format - Human Pharmaceutical Product 
Applications and Related Submissions Using the eCTD Specifications (October 2005). 
Alternatively, you may submit 12 paper copies, with 6 of the copies individually mounted on 
heavy-weight paper or similar material. For administrative purposes, designate this submission 
"Product Correspondence - Final Printed Carton and Container Labels for approved BLA 
STN 125277." Approval of this submission by FDA is not required before the labeling is used. 
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Marketing the product with labeling that is not identical to the approved labeling text may render 
the product misbranded and an unapproved new drug. 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert 
to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

5901 -B Ammendale Road 

BeltsviUe, MD 20705-1266 

You must submit final promotional materials, and the package insert, at the time of initial 
dissemination or publication, accompanied by a Form FDA 2253. For instruction on completing 
the Form FDA 2253, see page 2 of the Form. For more information about submission of 
promotional materials to the Division of Drug Marketing, Advertising, and Communications, see 
http://ww.fdagov/AboutFDA/CentersOffices/CDBR/ucm090142 > hfan . 

All promotional claims must be consistent with and not contrary to approved labeling. You 
should not make a comparative promotional claim or claim of superiority over other products 
unless you have substantial evidence to support that claim. 

LETTERS TO HEALTH CARE PROFESSIONALS 

If you issue a letter communicating important safety-related information about this drug product 
(i.e., a "Dear Health Care Professional" letter), we request that you submit an electronic copy of 
the letter to both this BLA and to the following address: 

MedWatch 

Food and Drug Administration 
Suite 12B-05 
5600 Fishers Lane 
Rockville,MD 20857 

POST-ACTION FEEDBACK MEETING 

New molecular entities and important new biologies qualify for a post-action feedback meeting. 
Such meetings are used to discuss the quality of the application and to evaluate the 
communication process during the drug development and marketing application review process. 
The purpose is to learn from successful aspects of the review process and to identify areas that 
could benefit from improvement. If you would like to have such a meeting with us, contact the 
Division of Pulmonary and Allergy Products. 
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If you have any questions, contact the Senior Regulatory Health Project Manager, Colette 
Jackson, at (301) 796-1230. 



Enclosures; 
REMS documents 
Package Insert 
Medication Guide 
Carton and Container Labels 



Sincerely, 




/Curtis J. ftosebraugh. M.D.. M.P.H./ 
Curtis J. Rosebraugh, M.D., M.P.H. 
Director 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 
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KALBITOR 
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Dyax Corp. 
300 Technology Square 
Cambridge, MA 02139 

RISK EVALUATION AND MITIGATION STRATEGY 



I GOAL 

To inform healthcare providers about the risk of anaphylaxis associated with KALBITOR 
and the importance of distinguishing between a hypersensitivity reaction and hereditary 
angioedema (HAE) attack symptoms. 

To educate patients about the serious risks associated with KALBITOR therapy. 

II RISK EVALUATION AND MITIGATION STRATEGY ELEMENTS 
A. Medication Guide 

A Medication Guide will be dispensed with each KALBITOR dose. To ensure compliance 
with 21 CFR 208.24, a KALBITOR Medication Guide will be included in each dose unit of 
KALBITOR. 

The KALBITOR carton packaging includes a prominent notice that each patient is required 
to receive the Medication Guide with each dose, as follows: "ATTENTION: Dispense the 
enclosed Medication Guide to each patient" 

Please refer to the approved Medication Guide. 

8. Communication Plan 

In accordance with FDCA 505- 1(e)(3), a communication plan will be implemented by 
Dyax Corp. to convey important information about the risk of anaphylaxis and that the 
signs and symptoms of anaphylaxis and of acute attacks of HAE may overlap. 

1 . The initial audience for this communication plan is healthcare providers likely to 
prescribe KALBITOR and treat HAE patients; including two specialties; 
Allergy/Immunology and Emergency Medicine, 

2. The communication plan includes the Dear Healthcare Professional Letter that will 
describe the key risks of KALBITOR: [see attached DHCP Letter] 
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KALBITOR. (ecallantide) _ , _ 
Proposed REMS December 2009 
BLA 125277 

3. Distribution of materials: Communication plan materials will be distributed at the 
same time as product launch. 

Direct Mail: Dyax will issue the DHCP Letter to targeted healthcare providers at 
the time of product launch and yearly for 2 years thereafter. In addition, for 2 years 
after launch, any known new prescribers of KALBITOR not previously targeted 
will also be sent the DHCP Letter. The DHCP Letter will include the warnings 
associated with KALBITOR and will describe symptoms of anaphylaxis that may 
overlap with presenting symptoms of an attack of HAE. The DHCP Letter will be 
sent by direct mail to providers in the specialties of Allergy/Immunology and 
Emergency Medicine. The DHCP Letter will include the Full Prescribing 
Information and the Medication Guide. Copies of these materials will also be 
available through a stand-alone webpage accessed through the product web site 
(see attached webpage) 

Dyax Representatives: The DHCP Letter will be provided with the Full 
Prescribing Information and Medication Guide by Dyax sales representatives to 
potential prescribers during the first discussion of KALBITOR during the first year 
of product availability. 

The communication material listed in Section B.2 above will also be available at the time 
of approval by calling Dyax at 1-888-452-5248. 

C. Elements to Assure Safe Use 



Elements to Assure Safe Use are not required. 

D. Implementation System 

An Implementation System is not required. 

E. Timetable for Submission of Assessments 

REMS assessments will be submitted at 18 months, 3 years and 7 years after approval The 
reporting .nterval covered by each assessment will conclude no earlier than 60 days before 
the submission date for that assessment time interval. Each assessment will be submitted 
so that it is received by the FDA on or before the due date. 
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[on Dyax letterhead] 
IMPORTANT DRUG WAJRMNG 
Dear Healthcare Professional: 

Dyax Corp. is writing to inform you of important safely information for KALBITOR® 
(ecailantide). KALB1TOR is a subcutaneous injection indicated for treatment of acute 
attacks of hereditary angioedema (HAE) in patients 16 years of age or older. Important 
safety information related to KALBITOR includes: 

♦ The risk of anaphylaxis 

• The need to distinguish signs and symptoms of anaphylaxis from HAE attacks 

To ensure that the benefits of KALBITOR treatment outweigh the risks, the KALBITOR 
labeling includes a boxed warning concerning anaphylaxis, as follows: 

WARNING: Anaphylaxis 

Anaphylaxis has been reported after administration of KALBITOR®. Because of the risk 
of anaphylaxis, KALBITOR should only be administered by a healthcare professional with 
appropriate medical support to manage anaphylaxis and hereditary angioedema. 
Healthcare professionals should be aware of the similarity of symptoms between 
hypersensitivity reactions and hereditary angioedema and patients should be monitored 
closely. Do not administer KALBITOR to patients with known clinical hypersensitivity to 
KALBITOR. 



In 255 HAE patients treated with intravenous or subcutaneous KALBITOR in clinical 
trials, 10 patients (3.9%) experienced anaphylaxis. For the subgroup of 1 87 patients treated 
with subcutaneous KALBITOR, 5 patients (2.7%) experienced anaphylaxis. In clinical 
trials, when hypersensitivity was observed, it usually occurred immediately following 
exposure to KALBITOR, and always within the first hour following dosing. 

In order to appropriately manage anaphylaxis, it must be recognized if it occurs. Because 
the signs and symptoms of HAE attacks may overlap with the signs and symptoms of 
anaphylaxis, there is a need to distinguish between serious hypersensitivity, including 
anaphylaxis and HAE attack symptoms. 

Signs and symptoms that can be seen in either anaphylaxis or acute attacks of HAE 
include: 

• erythema of the skin 

• laryngeal edema 

• dyspnea 

• flushing 

• stomach and gastrointestinal symptoms 

• decreases in blood pressure 
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KALBITOR should only be administered by a healthcare professional with appropriate 
medical support to manage anaphylaxis and hereditary angioedema. If a patient does not 
respond to an initial dose of KALBITOR, an additional dose of KALBITOR may be 
administered within a 24 hour period; before administering a repeat dose of KALBITOR, k 
is very important to assess the patient to assure that symptoms are reflective of an HAE 
attack and not a hypersensitivity reaction. 

Please take time to read the enclosed KALBITOR Package Insert for full prescribing 
information. 

In addition, please review the attached Medication Guide with each patient who is 
prescribed KALBITOR. The Medication Guide must be given to patients upon each use of 
KALBITOR and is supplied with each dose unit. 

To report adverse events potentially associated with KALBITOR, please call Dyax Corp. at 
1-888-452-5248. Alternatively, adverse event information may be reported to FDA's 
MedWatch Reporting System by: 

o Phone at 1-800-FDA-1088 (I -800-332- 1 088) 

o Facsimile at 1-800-FDA-0178 (1-800-332-0178) 

o Mail using FDA Form 3500 located at http://w ww.fda.gov/medwatch 

We invite you to contact Dyax Corp. at 1-888-452-5248 if you have any questions about 
KALBITOR or the information in this letter. 

Sincerely, 



Patrick T. Horn, MD, PhD 

Vice President, Clinical and Medical Affairs 

Dyax Corp. 



Enclosures: Full Prescribing Information and Medication Guide 
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IMPORTANT SAFETY INFORMATION FOR HEALTHCARE PROFESSIONALS 
Risk Evaluation and Mitigation Strategy (REMS) 

iS'S wTrtZZi^zZ^TV ( ^ S) ." 9 StrdtC9y 10 " ,and9e known or wtent,al * erious risks «s»c«ted w,m a drug product 
an<i is reqwred by the Food and Drug Adrnmistratlon to «nsur« that the benefits of the drug outweigh lis rfsks pnwwa 
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hypei-st)\s*.vrty rsacliflM and hereditary angloedema (HAE) attack symptoms. jeuw\n a 

♦ To educate patients aboui the serious risks assocated with KAt BfTOR therapy. 
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Important Safety Information 



WARNING: Anaphylaxis " - - 

Snnrn^ t"* TT* ^ of **»™*. Because of che nac of anapny.arfs, KALBITOR shoutf only be admired by * <*ata profession,! 

w.th appropriate mcoiul suoporrio manage anaphylaxis hereditary answedema. Healthcare Drofcssif.nafe snouhf be aware or the s«rAM ^ 



to KALBITOR. 



CONTRAINDICATIONS 

Do nor administer ka«_D?tor to a partem who has known dinicat hypersensitivity » KALBITOR 
WARNINGS AND PRECAUTIONS 

In 255 HAE partem* treated with intravenous or subcutaneous KALBFTOR In clinical trials, 10 patfents (3.9%) experienced anaphylaxis, for the 5irfj group of ^87 patent* 
treated with subcutaneous KALBITOft, 5 parents (2.7%) experienced anaphytatfs. These reactions occurred within the first hour after nosing 

Symptoms associated with these reactions have Inched chest d.scomforc, flush^ pharynge* «ema. pruritus, rbtnorrhea, sneezing M „, conoestior enroat irritation 
orticana, wheeling and hypotension ' 
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n,erc is a Potent for «>monoQcniciry with lha us* cf KALSfTQR, Patients who ^reconvert may b* at a Nqhert.sk of a hyp^en*^ ^ ctbn rv>' lorni-crrm effects o* " 
^r.tibc<-ies to ZAtSrrCft are not known. vi^-ia u 



■»V 'it- -i: 



- r. T<<j:Mty ^n^ine'icmR Safary an;-" 



«ease see the *■.»;« ft v:^ 1 ;^ :! . rf '*^rr^r* including Boxed Warnino and Medic.atfonjSJgldo. 

Htafttwe professionals Shou.d report a« mptno adverse events associated with th G «sc of KALBITOR. Pfeaso contact Oy W Corp. at t.888-452-5248. Attematlvely this 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use 

KALBITOR* safely and effecfively. See full prescribing information for 

KALBITOR 

KALBITOR (ecallantide) 
Injection, for subcutaneous use 
Initial VJ&. Approval: [year] 



WARNING -Anaphylaxis 

(Sec fuli prescribing information for complete boxed warning) 

Anaphylaxis has been reported after administration of KALBITOR* Because 
of the risk of anaphylaxis, KALBITOR should only be administered by a 
healthcare professional with appropriate medical support to manage 
anaphylaxis and hereditary angioedema. Healthcare professionals should be 
aware of the similarity of symptoms between hypersensitivity reactions and 
hereditary angioedema and patients should be monitored closely. Do not 
administer KALBITOR to patients with known clinical hypersensitivity to 
KALBITOR [see Contraindications (4), Warnings and Precautions (5 J), and 
Adverse Reactions (6)]. 



■ INDICATIONS AND USAGE 

KALBITOR is a plasma kallikrein inhibitor indicated for treatment of 
acute attacks of hereditary angioedema (HAE) m patients 16 years of 
age and older. (1) 

DOSAGE AND ADMINISTRATION 

30 trig (3 mLX administered subcutaneousry in three 10 rag (1 mL) 
injections. If an attack persists, an additional dose of 30 mg may be 
£dmini$tered within a 24 hour period. (2,1) 
• KALBITOR should only be administered by a healthcare 

professional with appropriate medical support to manage 

anaphylaxis and hereditary angioedema. (2.2). 



DOSAGE FORMS AND STRENGTHS 

Single use glass vial containing 10 mg/raL of ecallantide as a solution 
- for injection. (3) 

CONTRAINDICATIONS - 

♦ Do not administer KALBITOR to a patient who has known clinical 
hypersensitivity to KALBITOR. (4) 

WARNINGS AND PRECAUTIONS 

Hypersensitivity Reactions Including Anaphylaxis: Anaphylaxis has 
occurred in 3.9% of treated patients. Administer KALBITOR in a 
setting equipped to manage anaphylaxis and hereditary angioedema. 
Given the similarity in hypersensitivity symptoms and acute HAE 
symptoms, monitor patients closely for hypersensitivity reactions (5). 

ADVERSE REACTIONS- 

The most common adverse reactions occurring in >3% of KAL&ITOR- 
trcaled patients and greater than placebo are headache, nausea, diarrhea, 
pyrexia, injection site reactions, and nasopharyngitis. (6) 

To report SUSPECTED ADVERSE REACTIONS, contact Dyax Corp. at 
1^888-452^5248 or FDA at 1-800-FDA-1088 or 
wHrwJdn.gov/metiwaich 

See 17 for PATIENT COUNSELING INFORMATION and Medication 
Guide 

Revised: [m/year] 



FULL PRESCRIBING INFORMATION: CONTENTS* 
WARNING: ANAPHYLAXIS 

1 INDICATIONS AND USAGE 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing 

2.2 Administration Instructions 

3 DOSAGE FORMS AND STRENGTHS 

4 CONTRAINDICATIONS 

5 WARNINGS AND PRECAUTIONS 

5. 1 Hypersensitivity Reactions, Including Anaphylaxis 

6 ADVERSE REACTIONS 

6. 1 Clinical Trials Experience 

6.2 immunogeniciry 

7 DRUG INTERACTIONS 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

8.2 Labor and Delivery 

8.3 Nursing Mothers 
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8.5 Geriatric Use 



10 OVERDOSAGE 

11 DESCRIPTION 

12 CLINICAL PHARMACOLOGY 
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1 2.3 Pharmacokinetics 
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♦Sections or subsections omitted from the full prescribing information are not 
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FULL PRESCRIBING INFORMATION 



WARNING: Anaphylaxis 

AnaphyiaxisTias been reported after administration of KALBITOR. Because of the risk 
of anaphylaxis, KALBITOR should only be administered by a healthcare professional 
with appropriate medical suppprt to manage anaphylaxis and hereditary angioedema. 
Healthcare professionals should be aware of the similarity of symptoms between 
hypersensitivity reactions and hereditary angioedema and patients should be monitored 
closely. Do not administer KALBITOR to patients with known clinical hypersensitivity 
to KALBITOR. [see Contraindications (4), Warnings and Precautions (5.1) t and Adverse 
Reactions (6)] 



1 INDICATIONS AND USAGE 

KALBITOR® (ecallantide) is indicated for treatment of acute attacks of hereditary 
angioedema (HAE) in patients 1 6 years of age and older. 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing 

The recommended dose of KALBITOR is 30 mg (3 mL), administered subcutaneously in 
three 10 mg (I mL) injections. If the attack persists, an additional dose of 30 mg may be 
administered within a 24 hour period. 

2.2 Administration Instructions 

KALBITOR should only be administered by a healthcare professional with appropriate 
medical support to manage anaphylaxis and hereditary angioedema. 

KALBITOR should be refrigerated and protected from the light. KALBITOR is a clear, 
colorless liquid; visually inspect each vial for particulate matter and discoloration prior to 
administration. If there is particulate matter or discoloration, the vial should not be used. 

Using aseptic technique, withdraw 1 mL (10 mg) of KALBITOR from the vial using a 
large bore needle. Change the needle on the syringe to a needle suitable for subcutaneous 
injection. The recommended needle size is 27 gauge. Inject KALBITOR into the skin of 
the abdomen, thigh, or upper arm. Repeat the procedure for each of the 3 vials 
comprising the KALBITOR dose. The injection site for each of the injections may be in 
the same or in different anatomic locations (abdomen, thigh, upper arm). There is no 
need for site rotation. Injection sites should be separated by at least 2 inches (5 cm) and 
away from the anatomical site of attack. 

The same instructions apply to an additional dose administered within 24 hours. Different 
injection sites or the same anatomical location (as used for the first administration) may be 
used. 
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3 DOSAGE FORMS AND STRENGTHS 

KALBITOR is a clear, colorless liquid free of preservatives. Each vial of KALBITOR 
contains ecallantide at a concentration of 1 0 mg/mL. 

4 CONTRAINDICATIONS 

Pa r£rS£ niSter KALBITOR t0 a P^'ent who has known clinical hypersensitivity to 
KALBITOR [see Warnings and Precautions (5. J)]. 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions, Including Anaphylaxis 

Potentially serious hypersensitivity reactions, including anaphylaxis, have occurred in 
patents treated with KALBITOR. In 255 HAE patients treated with intravenous or 
subcutaneous KALBITOR in clinical studies, 10 patients (3.9%) experienced 
anaphylaxis. For the subgroup of 1 87 patients treated with subcutaneous KALBITOR, 5 
patients (2.7%) experienced anaphylaxis. Symptoms associated with these reactions have 
included chest discomfort, flushing, pharyngeal edema, pruritus, rhinorrhea, sneezing 
nasal congestion, throat irritation, urticaria, wheezing, and hypotension. These reactions 
occurred within the first hour after dosing. 

Other adverse reactions indicative of hypersensitivity reactions included the following- 
pruritus (5. 1 %), rash (3.1 %), and urticaria (2.0%). 

Patients should be observed for an appropriate period of time after administration of 
KALBITOR, taking into account the time to onset of anaphylaxis seen in clinical trials 
Given the similarity in hypersensitivity symptoms and acute HAE symptoms, patients 
should be monitored closely in the event of a hypersensitivity reaction. 

KALBITOR should not be administered to any patients with known clinical 
hypersensitivity to KALBITOR (see Contraindications (4)}. 

6 ADVERSE REACTIONS 

Hypersensitivity reactions, including anaphylaxis, have occurred in patients treated with 
KALBITOR [see Contraindications (4) and Warnings and Precautions (5.1)]. 

6.1 Clinical Trials Experience 

Because clinical trials are conducted under varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in practice. 

The safety data described below reflect exposure to KALBITOR in 255 patients with 
HAE treated with either intravenous or subcutaneous KALBITOR Of the 255 patients, 
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66% of patients were female and 86% were Caucasian. Patients treated with KALBITOR 
were between the ages of 10 and 78 years. 

Overall, the most common adverse reactions in 255 patients with HAE were headache " 
(16.1%), nausea (12.9%), fatigue (1 1.8%), diarrhea (10.6%), upper respiratory tract 
infection (8.2%), injection site reactions (7.4%), nasopharyngitis (5.9%), vomiting 
(5.5%), pruritus (5.1%), upper abdominal pain (5.1%), and pyrexia (4.7%). Anaphylaxis 
was reported in 3.9% of patients with HAE: Injection site reactions were characterized 
by local pruritus, erythema, pain, irritation, urticaria, and/or bruising. 

The incidence of adverse reactions below is based upon 2 placebo-controlled, clinical 
trials (EDEMA3 and EDEMA4®) in a total of 143 unique patients with HAE. Patients 
were treated with KALBITOR 30 mg subcutaneous or placebo. Patients were permitted 
to participate sequentially in both placebo-controlled trials; safety data collected during 
exposure to KALBiTOR was attributed to treatment with KALBITOR. and safety data 
collected during exposure to placebo was attributed to treatment with placebo. Table 1 
shows adverse reactions occurring in >3% of KALBITOR-treated patients that also 
occurred at a higher rate than in the placebo-treated patients in the two controlled trials 
(EDEMA 3 and EDEMA4) of the 30 mg subcutaneous dose. 

Table 1 : Adverse Reactions Occurring at »% and Higher than Placebo in 2 Placebo 

Controlled Clinical Trials in Patients with HAE Treated with KALBITOR 

KALBITOR Placebo 
N=100 N=81 



Adverse Reactions n (%)* n(%)* — 

Headache 8 (g<&) 6 (7%) 

Nausea 5 (5 o /o) 

Diarrhea 4 (4 %) 3(4%) 
Pyrexia 4 (4 o /o) 0 
Injection site reactions 3 p%) 1 (1%) 
Nasopharyngitis 3(3%) 0 

Patients experiencing more than 1 event with the same preferred term are counted only once for that 

preferred term. 



Some patients in EDEMA3 and EDEMA4 received a second, open-label 30 mg 
subcutaneous dose of KALBITOR within 24 hours following the initial dose. Adverse 
reactions reported by these patients who received the additional 30 mg subcutaneous dose 
of KALBITOR were consistent with those reported in the patients receiving a single 
dose. 

6.2 Immunogenicity 

In the KALBITOR HAE program, patients developed antibodies to KALBITOR. Rates 
of seroconversion increased with exposure to KALBITOR over time. Overall, 7.4% of 
patients seroconverted to anti-ecallantide antibodies. Neutralizing antibodies to 
ecallantide were determined in vitro to be present in 4.7% of patients. 
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Anti-ecallahtide and anti-F. pastoris lgE antibodies were also detected. Patients who 
seroconvert may be at a higher risk of a hypersensitivity reaction. The long-term effects 
of antibodies to KALBITOR are not known. 

The test results for the ecallantide program were determined using one of two assay 
formats: ELISA and bridging electrochemiiumines'cence (ECL). As with all therapeutic 
proteins, there is a potential for immunogenicity with the use of KALBITOR. The 
incidence of antibody formation is highly dependent on the sensitivity and specificity of 
the assay. Additionally, the observed incidence of antibody (including neutralizing 
antibody) positivity in an assay may be influenced by several factors, including assay 
methodology, sample handling, timing of sample collection, concomitant medications, 
and underlying disease. For these reasons, comparison of the incidence of antibodies to 
KALBITOR with the incidence of antibodies to other products may be misleading. 

7 DRUG INTERACTIONS 

No formal drug interactions studies were performed. No in vitro metabolism studies 
were performed. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Prfegnancy 

Pregnancy Category C 

There are no adequate and well-controlled trials of KALBITOR in pregnant women. 
KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 
Because animal reproductive studies are not always predictive of human response, 
KALBITOR should be used during pregnancy only if clearly needed. 

In rats, intravenous KALBITOR at an intravenous dose approximately 13 times the 
maximum recommended human dose (MRHD) on a mg/kg basis caused increased 
numbers of early resorptions and percentages of resorbed conceptuses per litter in the 
presence of mild maternal toxicity. No development toxicity was observed in rats that 
received an intravenous dose approximately 8 times the MRHD on a mg/kg basis. There 
were no adverse effects of KALBITOR on embryofetal development in rats that received 
subcutaneous doses up to approximately 2.4 times the MRHD on an AUC basis, and in 
rabbits that received intravenous doses up to approximately 6 times the MRHD on an 
AUC basis. 

8.2 Labor and Delivery 

No information is available on the effects of KALBITOR during labor and delivery. 

8.3 Nursing Mothers 

It is not known whether ecallantide is excreted in human milk. Caution should be 
exercised whett ecaftantide is administered to a nursing woman. 



Confidential 



Page SofJQ 



Dyax Corp. 



DX-8S (ecaJlahtide) 

1.14.1 J Draft Label - KALBITOR 



27 November 2009 



8.4 Pediatric Use 

Safety and effectiveness of KALBITOR in patients below 16 years of age have not been 
established. 

8.5 Geriatric Use 

Clinical trials of KALBITOR did not include sufficient numbers of subjects aged 65 and 
over to determine whether they respond differently from younger subjects. In general, 
dose selection for an elderly patient should be cautious, usually starting at the low end of 
the dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac 
function, and of concomitant disease or other drug therapy. 

10 OVERDOSAGE 

There have been no reports of overdose with KALBITOR, HAE patients have received 
single doses up to 90 mg intravenously without evidence of dose-related toxicity. No 
deaths occurred in monkeys that received intravenous or subcutaneous doses up to 25 
mg/kg (approximately 22 times the MRHD on an AUG basis). 

11 DESCRIPTION 

KALBITOR (ecailantide) is a human plasma kallikrein inhibitor for injection for 
subcutaneous use. 

KALBITOR is a clear and colorless, sterile, and nonpyrogenic solution. Each vial 
contains 10 mg ecailantide as the active ingredient, and the following inactive ingredients: 
0.76 mg disodium hydrogen orthophosphate (dihydrate), 0.2 mg monopotassium 
phosphate, 0.2 mg potassium chloride, and 8 mg sodium chloride in water for injection, 
USP, KALBITOR is preservative free, with a pH of approximately 7.0. A 30 mg dose is 
supplied as 3 viais each containing 1 mL of 10 mg/mL KALBITOR. Each vial contains a 
slight overfill Vials are intended for single use. Ecailantide is a 60-amino-acid protein 
produced in Pichia pastor is yeast cells by recombinant DNA technology. 

12 CLINICAL PHARMACOLOGY 
1 2.1 Mechanism of Action 

Hereditary angioedema (HAE) is a rare genetic disorder caused by mutations to 
Cl-esterase-inhibitor (Cl-INH) located on Chromosome I lq and inherited as an 
autosomal dominant trait. HAE is characterized by low levels of CI -INH activity and 
low levels of C4. Cl-INH functions to regulate the activation of the complement and 
intrinsic coagulation (contact system pathway) and is a major endogenous inhibitor of 
plasma kallikrein. The kallikrein-kinin system is a complex proteolytic cascade involved 
in the initiation of both inflammatory and coagulation pathways. One critical aspect of 
this pathway is the conversion of High Molecular Weight (HMW) kininogen to 
bradykinin by the protease plasma kallikrein. In HAE, normal regulation of plasma 
kallikrein activity and the classical complement cascade is therefore not present During 
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attacks, unregulated activity of plasma kallikrein results in excessive bradykinin 
generation. Bradykinin is a vasodilator which is thought by some to be responsible for 
the characteristic HAE symptoms of localized swelling, inflammation, and pain- 

KALBITOR is a potent (Ki = 25 pM), selective, reversible inhibitor of plasma kallikrein. 
KALBITOR binds to plasma kallikrein and blocks its binding site, inhibiting the 
conversion of HMW kininogen to bradykinin. By directly inhibiting plasma kallikrein, 
KALBITOR reduces the conversion of HMW kininogen to bradykinin and thereby treats 
symptoms of the disease during acute episodic attacks of HAE. 

12.2 Pharmacodynamics 

No exposure-response relationships for KALBITOR to components of the complement or 
kallikrein-kinin pathways have been established. 

The effect of KALB ITOR on activated partial thromboplastin time (aPTT) was measured 
because of potential effect on the intrinsic coagulation pathway. Prolongation of aPTT 
has been observed following intravenous dosing of KALBITOR at doses >20 mg/rn 2 . At 
80 mg administered intravenously in healthy subjects, aPTT values were prolonged 
approximately two-fold over baseline values and returned to normal by 4 hours post- 
dose. 

For patients taking KALBITOR, no significant QT prolongation has been seen. In a 
randomized, placebo-controlled trial (EDEMA4) studying the 30 mg subcutaneous dose 
versus placebo, 12-lead ECGs were obtained at baseline, 2 hours and 4 hours post-dose 
(covering the time of expected C max ), and at follow-up (day 7), ECGs were evaluated for 
PR interval, QRS complex, and QTc interval. KALBITOR had no significant effect on 
the QTc interval, heart rate, or any other components of the ECG. 

12.3 Pharmacokinetics 

Following the administration of a single 30 mg subcutaneous dose of KALBITOR to 
healthy subjects, a mean (± standard deviation) maximum plasma concentration of 
586 ± 106 ng/mL was observed approximately 2 to 3 hours post-dose. The mean area 
under the concentration-time curve was 3017 ± 402 ng*hr/mL, Following 
administration, plasma concentration declined with a mean elimination half-life of 
2.0 ± 0.5 hours. Plasma clearance was 1 53 ± 20 mL/min and the volume of distribution 
was 26.4 ± 7.8 L. Based on a population pharmacokinetic analysis, body weight, age, 
and gender were not found to affect KALBITOR exposure significantly. Ecallantide is a 
small protein (7054 Da) and renal elimination in the urine of treated subjects has been 
demonstrated. 

No pharmacokinetic data are available in patients or subjects with hepatic or renal 
impairment 
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13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, impairment of Fertility 

?^l e "° animaJ or hwnan studies to the carcinogenic or mutagenic potential of 
KALBITOR (ecallantide). 

KALBITOR bad no effects on fertility and reproductive performance in rate at 
subcutaneous doses up to 25 mg/kg/day (approximately 21 times the MRHD on a mg/kg 

13.2 Animal Toxicology 

Reproductive Toxicology Studies 

KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits 

ISS^ ° f ratS W '* 3n intravenous dose of 1 5 mg/kg/day (approximately 1 3 times the 

MRHD on a mg/kg basis) caused increased numbers of early resorptions and percentages 

of resorbed conceptuses per litter in the presence of mild maternal toxicity. However, no 

development toxicity was observed in rats mat received an intravenous dose of 

10 mg/kg/day (approximately 8 times the MRHD on a mg/kg basis). KALBITOR was 

not teratogenic in rats at subcutaneous doses up to 20 mg/kg/day (approximately 

2.4 times the MRHD on an AUC basis) and rabbits that received intravenous doses up to 

5 mg/kg/day (approximately 6 times the MRHD on an AUC basis). 

14 CLINICAL STUDIES 

The safety and efficacy of KALBITOR was evaluated in 2 randomized, double-blind 
placebo-controlled trials (EDEMA4 and EDEMA3) in 1 68 patients with HAE. Patients 
having an attack of hereditary angioedema, at any anatomic location, with at least I 
moderate or severe symptom, were treated with 30 mg subcutaneous KALBITOR or 
placebo. Because patients could participate in both trials, a total of 143 unique patients 
partjcipated. Of we 143 patients, 94 were female, 123 were Caucasian* and the mean age 
was 36 years. There were 64 patients with abdominal attacks, 55 with peripheral attacks 
and 24 with laryngeal attacks. 

In both trials, the effects of KALBITOR were evaluated using the Mean Symptom 
Complex Severity (MSCS) score and the Treatment Outcome Score (TOS). These 
measures evaluated the severity of attack symptoms at all anatomical locations 
(MSCS score) and response to therapy (TOS). 

MSCS score is a point-in-time measure of symptom severity. At baseline, 4 hours, and 
24 hours, patients rated the severity on a categorical scale (0 = normal, 1 = mild, 
2 = moderate, 3 = severe) for symptoms at each affected anatomical location. Ratings 
were averaged to obtain the MSCS score. A decrease in MSCS score reflected an 
improvement in symptoms. 
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TOS is a measure of symptom response to treatment At 4 hours and 24 hours, patient 
assessment of response characterized by their change from baseline in symptom severity 
tod collected by anatomic site of attack involvement, was recorded on a categorical scale 
(significant improvement [100], improvement [50], same [0], worsening [-50], significant 
worsening [-100]). The response at each anatomic site was weighted by baseline severity 
and then the weighted scores across all involved sites were averaged to calculate the 
TOS. A TOS value >0 reflected an improvement in symptoms from baseline. 

EDEMA4 

EDEMA4 was a randomized, double-blind, placebo-controlled trial in which 96 patients 
were randomized hi to receive KALBITOR 30 mg subcutaneous or placebo for acute 
attacks of HAE. The primary endpoint was the change from baseline in MSCS score at 4 
hours, arid the TOS at 4 hours was a key secondary endpoint. Patients treated with 
KALBITOR demonstrated a greater decrease from baseline in the MSCS than placebo 
and a greater TOS than patients with placebo and the results were statistically significant 
(Table 2). At 24 hours, patients treated with KALBITOR also demonstrated a greater 
decrease from baseline in the MSCS than placebo (- 1 .5 vs. -1 .1 ; p = 0.04) and a greater 
TOS (89 vs. 55, p = 0.03). 

Table 2: Change in MSCS Score and TOS at 4 Hours 

EDEMA4 ~ EDEMA3 
KALBITOR Placebo KALBITOR Placebo 
_ (N=48) (N=48) (N=36) (N=36) 

Change in MSCS Score at 4 Hours 



n 47 42 34 35 

Mean -0.8 -0.4 -1.1 -0.6 

95% Cf -i.0,-0.6 -0.6,-0.1 -1.4,-0.8, -0.8,-0.4 

P-value 0.010 0.041 

TOS at 4 Hours 

n 47 42 34 35 

Mean 53 8 63 36 

95% CF 39,68 -12,28 49,76 17,54 

P-va)ue 0.003 0.045 



MSCS: Mean Symptom Complex Severity 
TOS: Treatment Outcome Score 
CI: confidence interval 



More patients in the placebo group (24/48, 50%) required medical intervention to treat 
unresolved symptoms within 24 hours compared to the KALBITOR-treated group 
(16/48, 33%). 

Some patients reported improvement following a second 30 mg subcutaneous dose of 
KALBITOR, administered within 24 hours following the initial dose for symptom 
persistence or relapse, but efficacy was not systematically assessed for the second dose. 
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EDEMA3 * 

EDEMA3 was a randomized, double-blind, placebo-controlled trial in which 72 patients 
were randomized 1:1 to receive KALBITOR or placebo for acute attacks of HAE. 
EDEMA3 was similar in design to EDEMA4 with the exception of the order of the 
prespecified efficacy endpoints. In EDEMA3, the primary endpoiiit was the TOS at 
4 hours, and the key secondary efficacy endpoint was the change from baseline in MSCS 
at 4 hours. As in EDEMA4, patients treated with KALBITOR demonstrated a greater 
decrease from baseline in the MSCS than placebo and a greater TOS than patients treated 
with placebo and the results were statistically significant (Table 2), 

In addition, more patients in the placebo group (13/36, 36%) required medical 
intervention to treat unresolved symptoms within 24 hours compared to the 
KALBITOR-treated group (5/36, 14%), 

16 HOW SUPPLIED/STORAGE AND HANDLING 

KALBITOR (ecallantide) is supplied as three 10 mg/rnL single-use vials packaged in a 
carton. Each vial contains 10 mg of ecallantide. Each vial contains a slight overfill. 

• NDC (47783-101-01): 3 single-use vials in 1 carton 

KALBITOR should be kept refrigerated (2°C to 8°C/36°F to 46°F). Vials removed from 
refrigeration should be stored below 86°F/30°C and used within 14 days or returned to 
refrigeration until use. 

Protect vials from light until use. 

Do not use beyond the expiration date. 

Draft November 27, 2009 

17 PATIENT COUNSELING INFORMATION 

♦ Patients should be advised that KALBITOR may cause anaphylaxis and other 
hypersensitivity reactions. Patients should be advised that KALBITOR should be 
administered by a healthcare professional with appropriate medical support to 
manage anaphylaxis and hereditary angioedema. Patients who have known 
clinical hypersensitivity to KALBITOR should be instructed not to receive 
additional doses of KALBITOR. [see Boxed Warning, Contraindications (4) t and 
Warnings and Precautions (5.1)] 

• Patients should be advised to consult the Medication Guide for additional 
information regarding the risk of anaphylaxis and other hypersensitivity reactions- 
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Medication Guide 
KALBITOR® (KAJL-bi-tor) 
(ecallantide) 

Read this Medication Guide before you start receiving KALBITOR and before each 
treatment There may be new information. This Medication Guide does not take the 
place of talking to your doctor about your medical condition or your treatment. 

What is the most important information that I should know about KALBITOR? 
Serious allergic reactions may happen in some people who receive KALBITOR. These 
allergic reactions can be life-threatening and usually happen within 1 hour after receiving 
KALBITOR. 

• KALBITOR should be given to you by a doctor or nurse in a healthcare setting 
where serious allergic reactions and hereditary angioedema (HAE) can be treated. 

• Symptoms of a serious allergic reaction to KALBITOR can be similar to the 
symptoms of HAE, the condition that you are being treated for. Your doctor or 
nurse should watch you for any signs of a serious allergic reaction after treatment 
with KALBITOR. 

• Tell your doctor or nurse right away if you have any of these symptoms of a 
serious allergic reaction during or after treatment with KALBITOR: 

* wheezing, shortness of breath, cough, chest tightness, or trouble 
breathing 

* dizziness* fainting, fast or weak heartbeat, or feeling nervous 

• reddening of the face, itching, hives, or feeling warm 

• swelling of the throat or tongue, throat tightness, hoarse voice, or 
trouble swallowing 

■ runny nose or sneezing 

What is KALBITOR? 

KALBITOR is a prescription medicine used to treat sudden attacks of hereditary 

angioedema (HAE). 

KALBITOR is not a cure for HAE. 

It is not known if KALBITOR is safe and effective in children under 1 6 years of age. 

Who should not receive KALBITOR? 

Do not receive KALBITOR if you are allergic to KALBITOR. 

What should I tell my doctor before I receive KALBITOR? 
Before receiving KALBITOR, tell your doctor if you: 

• have ever had an alleigic reaction to KALBITOR. See "Who should not take 
KALBITOR?" 

• are pregnant or plan to become pregnant It is not known if KALBITOR will harm 
your unborn baby. 

• are breast-feeding or plan to breast-feed It is not known if KALBITOR passes into 
your breast milk. 
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Tell your doctor about all the medicines you take, including prescription arid 
non-prescription medicines, vitamins, and herbal supplements. 

Know the medicines you take. Keep a list of them to show to your doctor and pharmacist 
when you get a new medicine. 

How wUl I receive KALBITOR? 

For each dose, you will receive 3 injections just under the skin (subcutaneous or 
SC injections) of your abdomen, thigh, or upper arm. 

What are the possible side effects? 

KALBITOR can cause serious allergic reactions. See "What is the most 
important information 1 should know about KALBITOR?"). 

Common side effects of KALBITOR include: 

♦ headache 

• nausea 

* diarrhea 

♦ fever 

• injection site reactions, such as redness, rash, swelling, itching, or bruising 

♦ stuffy nose 

Call your doctor for advice about side effects. You may report side effects to FDA at 
1-800-FDA-1088. 

General information about KALBITOR 

Medicines are sometimes prescribed for purposes other than those listed in a Medication 
Guide. This Medication Guide gives you the most important information about 
KALBITOR. If you would like more information, talk with your doctor. You can ask 
your pharmacist or doctor for information about KALBITOR that is written for health 
professionals. 

What are the ingredients of KALBITOR? 

Active Ingredient: ecallantide 

Inactive ingredients: disodium hydrogen orthophosphate (dihydrate), monopotassium 
phosphate, potassium chloride, sodium chloride in water for injection. * 

Manufactured for: Dyax Corp- 

300 Technology Square, Cambridge, MA 021 39 

Issued Month Year 

This Medication Guide has been approved by the U.S. Food and Drug Administration. 
U.S. License No. 1789 
©2009 Dyax Corp. 
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ABSTRACT 



Proteins are disclosed that are homologous to bovine pan- 
creatic trypsin inhibitor (BFIT) Kunitz domains, and espe- 
cially proteins that are homologous Co Iipoprotein-associated 
coagulation inhibitor (LAO) Kunitz domains, which inhibit 
one or more plasma and/or tissue kallikreins, and uses of 
such proteins in therapeutic and diagnostic methods also are 
disclosed. In particular* Kunitz domains derived from 
Kunitz domains of human origin and especially to the first 
Kunitz domain of LAO are disclosed. 

13 Claims, No Drawings 
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THEREOF 



iii. High specificity for kallikrein, to reduce side effects; 
and 



. . _ ana 

Thisq»pLcatiooisa371ofPCT/US95/00299whichis 5 • „. . „ 

continuation-in-part of U.S. application Ser. No 08/208 *ugn degree of similarity to a human protein to 

264. filed Mar. 10. 1994 now abandoned, and is a mamm potential immunogenicity and organAissue 

continuation-in-part of application Ser. No. 08/179904 J 1 ™ 11 !" 

filed /an. 11. 1994. now abandoned, both of which applied Jf ^ ka, ^ £reiDS to te are 

tion are hereby incorporated by reference in their entireties. io ^^sin-homologous serine proteases. 

BACKGROUND OF THE INVENTION Excessive Itotof^SStt*^ coagulation 

1. Held of the Invention activity, elevated fibrinolytic activity, or a combination of 

This invention relates to novel classes of nmtpinc *«h U most diatheses one controll the activity of 

protein analogues wfcchJfnd^ 15 However plasma kallikrein (pKA) is an activator 

kallikrein. P of P ,asn ^ogen and a potent, selective pKA inhibitor may 

2 n^ninHAn of t»,^ ^ * ^ avert P^^ogen activation. The clinically beneficial effect 

I ^"P^ of the Background Art c f BFTI in reducing blood loss is thought to result from!* 

KalUfareins are senne proteases found in both tissues and inhibition of plasmin (K o ~03 nM) or of plasma kallikrein 
plasma. Plasma kallikrein is involved in contact-activated 20 (K^-lOOnM) or both enzymes. It has been found, however 
(mtnnstc pathway) coagulation, fibrinolysis, hypotension, that BPH is sufficiently antigenic that second uses require' 
and inflammation. (See BH0092). These effects of kal- skin testing. Furthermore, the doses of BPH required to 
Ukrein are mediated through the activities of three distinct control bleeding are quite high and the mechanism of action 
physiological substrates: i) Factor XD (coagulation), ii) is not clear. Some say mat BFTI acts on plasmin while others 
tto^uroJonase/plasmuiogen (fibrinolysis), and iii) Kinino- 25 say that it acts by inhibiting plasma kallikrein FRAE89 
gens (hypotension and inflammation). reports that doses of about 840 mg of BFTI to 80 open-heart 

Kallikrein cleavage of Jcininogens results in the produc- surgery patients reduced blood loss by almost half and the 
tion of kinins, small highly potent bioactive peptides. The mean amount transfused was decreased by 74%. Miles Inc. 
kinins act through cell surface receptors present on a variety has recently introduced Trasylol in the USA for reduction of 
of cell types. Intracellular heterotrimeric G-proteins link the 30 Weeding in surgery (See Miles product brochure on Trasylol. 
kinin receptors to second messenger pathways including whicn is nere by incorporated by reference.) LOHM93 sug- 
mtric oxide, adenyl cyclase, phosphoiipase A 2 . and phos- B ests **** plasrnin inhibitors may be useful in controlling 
phoHpase C. Among the significant physiological activities Weeding in surgery of the eye. SHER89 reports that BFTI 
of kinins are: (i) increased vascular permeability; (ii) vasodi- ^ 1x5 aseft d in limiting bleeding in colonic surgery, 
lation; (iii) bronchospasm; and (iv) pain induction. Thus* 35 A te*Ui*rein inhibitor that is much more potent than BFIT 
kinins mediate the life-threatening vascular shock and and that is almost identical to a human protein domain offers 
edema associated with bacteremia (sepsis) or trauma, the similar therapeutic potential, allows dose to be reduced, and 
edema and airway hyperreactivity of asthma, and both P 0 ^ less potential for antigenicity, 
inflammatory and neurogenic pain associated with tissue Wth recombinant DNA techniques, one may obtain a 
injury. The consequences of inappropriate plasma kallikrein 40 D0Vel protein by expression of a mutated gene of a parental 
activity and resultant kinin production are dramatically preteiiL Several strategies are known for picking mutations 
illustrated in patients with hereditary angioedema (HA). HA to test 0ne * "P^in surgery**, involves the introduction of 
is due to a genetic deficiency of Cl-inhibitor. the principal one morc predeternuned mutations within the gene of 
endogenous inhibitor of plasma kallikrein. Symptoms of HA choice - A stogie polypeptide of completely predetermined 
include edema of the skin, subcutaneous tissues and gas- 45 se ^ ueDCe is expressed, and its binding characteristics are 
trointestinal tract and abdominal pain and vomiting. Nearly evaluated, 

one-third of HA patients die by suffocation due to edema of Mth * °tker extreme is random mutagenesis by means of 
the larynx and upper respiratory tract Kallikrein is secreted relatively nonspecific mutagens such as radiation and van- 
as a zymogen (prekallikrein) that circulates as an inactive ous chemical agents, see Lehtovaara, E.P. Appln. 285,123, 
molecule until activated by a proteolytic event that frees the 50 01 b ? expression of highly degenerate DNA. It is also 
+NH r IVGCTNSS . . . sequence of kallikrein (SEQ ID NO. Possible to follow an intermediate strategy in which some 
1). Human Plasma Prekallikrein is found in Genebank entry residues are kept constant others are randomly mutated, and 
Mature plasma Kallikrein contains 619 amino acids. sdl1 others m ""^ed in a predetermined manner. This is 
Hydrolysis of the Arg 371 -ne 372 peptide bond yields a two- ^ d ^^on". See Ladner. et al. U.S. Pat. No. 5220, 
chain proteinase joined by a disulfide bond. The amino- 55 ^Lv™. 

terminal light chain (248 residues) carries the catalytic site DENN94a and DENN94b report selections of Kunitz 
The main inhibitor of plasma kallikrein (pKA) in vivo is teed for bindin g to the complex of 

the CI inhibitor; see SCHM87.pp.27-28. CI is a semin and *T* ^ FaCtDr ^ m not use LAO-Kl 

forms an essentially irreve^sibk complex wl&p^ « VZ^^i™*" USC pKA aS a ^ ™ e W ^ st 
Although bovine pancreatic trypsin jj££ (Stow^ * ^^^^^H^ °°tained had K^ for their target of about 
first said to be a strong pKA inhibitor with SS pM ^^^VnTt*^ 1 * far b ^ to ^ have 
(AUER88). BERN93 inrtcLs that its K, f7 P S £ at^SfnS?^" £ "ST* ^ ~ 
(Le., 30.000 pM). The G36S mutant had a K- of over 500 ^L*l "J" i =1 °° pM) .° r , better " 
nM. Thus, there is a need for a safe kallikrein Lhibitor The « , JS, . P 8 *"*** Spe ° eS assumed t0 * 

essential attributes of such an agent are: 65 ^ ^ t0 30 immunc res P° nse whefl ejected into 



5,795.865 



constant domains and murine variable domains are decid- 
edly less antigenic. So called "humanized** antibodies have 
human constant domains and variable domains in which the 
CDRs are taken from murine antibodies while the frame- 
work of the variable domains are of human origin. "Human- 
ized** antibodies are much less antigenic than are "chimeric** 
antibodies. In a '"humanized" antibody, fifty to sixty residues 
of the protein are of non-human origin. The proteins of this 
invention comprise, in most cases, only about sixty amino 
acids and usually there are ten or fewer differences between 
the engineered protein and the parental protein. Although 
humans do develop antibodies even to human proteins, such 
. as human insulin, such antibodies tend to bind weakly and 
the often do not prevent the injected protein from displaying 
its intended biological function. Using a protein from the 
species to be treated does not guarantee that there win be no 
immune response. Nevertheless, picking a protein very close 
in sequence to a human protein greatly reduces the risk of 
strong immune response in humans. 

Kunitz domains are highly stable and can be produced 
efficiently in yeast or other host organisms. At least ten 
human Kunitz domains have been reported. Although BFIT 
was thought at one time to be a potent pKA inhibitor, there 
are. actually, no human Kunitz domains that inhibits pKA 
very well. Thus, it is a goal of mis invention to provide 
sequences of Kunitz domain that are both potent inhibitors 
of pKA and dose in sequence to human Kunitz domains. 

The use of site-specific mutagenesis, whether nonrandom 
or random, to obtain mutant binding proteins of unproved 
activity, is known in the art but does not guarantee that the 
mutant proteins will have the desired target specificity or 
affinity. Given the poor anti-kallikrean activity of BFIT, 
mutation of BPTI or other Kunitz domain proteins would not 
have been considered, prior to this invention, a preferred 
method of obtaining a strong binder, let alone inhibitor, of 
kalKkrein* 

SUMMARY OF THE INVENTION 
This invention relates to novel BPII-homologous Kunitz 
domains, especially LAO homologues. which inhibit one or 
more plasma (and/or tissue) kallikreins. and to the thera- 
peutic and diagnostic use of these novel proteins. In 
particular, this invention relates to Kunitz domains derived 
from Kunitz domains of human origin and especially to the 
first Kunitz domain of LAO; Kunitz domains of human 
origin are likely to be non-immunogenic in humane The 
proteins of this invention inhibit plasma kaltikrein (and/or 
tissue kailikrein) with a K 0 of no more than 20 nM. 
preferably, no more than 5 nM. more preferably, no more 
man about 300 pM. and most preferably, no more than about 
100 pM. 

A specific, high affinity inhibitor of plasma kalKWMq 
(and. where needed, tissue kailikrein) will demonstrate 
significant therapeutic utility in all pathological conditions 
mediated by kailikrein. and especially those associated with 
kinins. The therapeutic approach of inhibiting the catalytic 
production of kinins is considered preferable to antagonism 
of kinin receptors, since in the absence of kailikrein 
inhibition, receptor antagonists must compete with continu- 
ous kinin generation. Significantly, genetic deficiency of 
plasma kailikrein is benign and thus, inhibition of plasma 
kailikrein is likely to be safe. We have recently discovered 
a lead pKA inhibitor, designated KKHO#6. This inhibitor is 
a variant of a naturally occurring human plasma protein 
Kunitz domain and demonstrates significantly greater kal- 



for plasmin is 10 uM, Proteins KK2/#11 and KK2/#13 are 
especially preferred pKA inhibitors and have K^OO pM 
and probably less than 100 pM. A reversible inhibitor is 
believed to be of greater utility than an irreversible inhibitor 
5 such as the CI inhibitor. 

Transfer of the subsequences that confer pKA binding into 
other Kunitz domains, particularly human Kunitz domains is 
disclosed. 

The preferred pKA Inhibitors of the present invention 
10 fuilfil one or more of the following desiderata: 

1) the inhibitor inhibits plasma kailikrein with a K^ no 
more than 20 nM. preferably 5 nM or less, more 
preferably 300 pM or less, and most preferably 100 pM 
or less, 

2) the inhibitor comprises a Kunitz domain meeting the 
requirements shown in Table 14 with residues num- 
bered by reference to BFIT. 

3) the inhibitor has at the Kunitz domain positions 12-21 
and 32-39 one of the arnino-acid types listed for that 
position in Table 15. and 

4) the inhibitor is substantially homologous to a reference 
sequence of essentially human origin selected from the 
group KKH/3#6. KK2/#11. KK2/#13. KK2/#1. KK2/ 
#2. KK2/#3. KK2/#4. KK2/#6. KK2/#7. KK2/#8. 
KK2/#9. KK2/#10. KK2/#12. KK2conL Human LAO- 
K2. Human LACI-K3. Human collagen u3 KuDonx 
Human TFPI-2 DOMAIN 1. Human TFPI-2 DOMAIN 
2. Human TFF1-2 DOMAIN 3, HUMAN m-Kl, 
Human ITT-K2. HUMAN PROTEASE NEXIN-n, 
Human APP-I DKI-1.2.1. DKI-13.1. DKI-2.1, DKI- 
3.1.1. DKI-3.2.1. DKI-33.1, DKI-4.1.1, DKI-4.2.1. 
DK3-4.2.2, DH-5.1, and DKI-6.1 
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Nomenclature 

Herein, affinities are stated as K D (K^AJ&H A]fBJ/[A-B]X 
A numerically smaller K D reflects higher affinity. For the 
purposes of this invention, a "kailikrein inhibiting protein** 
is one that binds and inhibits a specified lrallifanMn with K* 
of about 20 nM or less. 'Tnhibition'* refers to blocking the 
catalytic activity of kailikrein and so is measurable in vitro 
in assays using chromogenic or fiuorogenic substrates or in 
assays involving macromolecules. 

Amino-add residues are discussed in three ways: full 
name of the amino acid, standard three-letter code, and 
standard single-letter code. The text uses full names and 
three-letter code where clarity requires. 



A = AU 


G = Gty 


M = Met 


S = Scr 


c = cys 


H = His 


N = Asn 


T = Thr 


r>- Asp 


I = Dc 


P = Pro 


V = Val 


E= Ghi 


K = Lys 


Q=Gln 


W = Tip 


F = Phe 


L = Lcu 


R=Aig 


YoTyr 



For the purposed of this invention, "substantially homolo- 
gous** sequences are at least 51%. more preferably at least 
80%. identical* over any specified regions. For this 
invention, "substantially homologous" includes exact iden- 
tity. Sequences would still be "substantially homologous 9 * if 
60 within one region of at least 20 amino acids they are 
sufficiently similar (51% or more) but outside the region of 
comparison they differed totally. An insertion of one amino 
acid in one sequence relative to the other counts as one 
mismatch. Most preferably, no more than six residues, other 
likrein binding potency than TrasyloL KKE/3#6 has a K, for 65 than at termini, are different. Preferably, the divergence in 
kailikrein which is over 100 times that of both wild-type sequence, particularly in the specified regions, is in the form 
LACH and of BFIT. and is about 300 pM. In contrast, its K, of "conservative modifications". 
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"Conservative modifications" are defined ac » a o von 

/ ^ u, " uuns « oennea as LASK80 reviews protein protease inhibitors. Some 

(a) conservative substitutions of amino acids as defined in inhibitors have several reactive sites on one polypeptide 
Table 9; and chain, and these domains usually have different sequences. 

(b) single or multiple insertions or deletions of amino specificities, and even topologies. It is known that substi- 
acids at termini, at domain boundaries, in loops, or in 5 tUtUI | i V nmo acids M * c p * to P 3 re 8 ion influences the 
other segments of relatively high mobility. specificity of an inhibitor. Previously, attention has been 

Preferably, except at termini, no more than about six * ocused on * e P1 "sMue and those very close to it because 
amino acids are inserted or deleted at any locus and the M " * a "|^ me specificity from one enzyme class to 

modifications are outside regions known to contain impor- ^f^LT^ * a SUg ^! that KuDoms. inhibitors 

tant binding sites. 10 w,Ul P1 - Lvs or Arg inhibit trypsin, those with PI=Tyr. Phe. 

Tip. Leu and Met inhibit chymotrypsin. and those with 
Kunitz Domains Pl=Ala or Ser are likely to inhibit elastase. Among the Kazal 

Herein. "Kunitz domain" and "KuDom" are used intor ' n /" bl,ors - LASK80 continues, inhibitors with Pl=Leu or 
changeably tomeanahomologueof BPTI(notof me&nite T°f Mib ! ,0 f s of elastase - in *e Bowman- 

soya-bean trypsin inhibitor). A lOi^m do^if of a 15 JSlT£SK 4 f^^ P ^ te « ,,i * 
protein having at leas, 51 amino acids (and up to abow 6? 2^25?? taRS TVtftt?"*" ° f 
= acids) containing at least two. and preferably three. iTJlT^ LtVc 3D sSure (at hkh 
disulfides. Herein, the residues of all Kunitz domains are resolution) of BPT1 (the arcU™,! *!2r!E ( • w 
numbered by reference to BPTI (i.e. residues 1-58. amino- known^ X ofTxSy 22£ iX£u?tS 
"^a"?"? «»Table2) . Thus the first cysteine residue is *> Brookhaven Protein Data Bank as "ptA tK> srZ£e 
• ^ w f CyS ' eiDe h 5S - ^no-acid sequence of some BPTI homologues (EIGE90, HYNE90) are known 

^'"f , eP T S r ^ ^ eD,i0n - * a Kunitz A, least seventy Kulfom sequences £nTn 
domain if rt can be aligned, with three or fewer mismatches. human homologues include three KuDoms of LAO 
to ^ sequence shown in Table 14. An insertion or deletion (WUOT88. GERA89. NOV089). two KuDoms of Inter " 
„J^ reS,dTC *^^ M ^ one ™ sn ^ h InTa, >tel4.-V' 25 Trypsin Inhibitor. APP-I (HDO88). a KuDom from 
matches any ammo aod and "X" matches the types listed for collagen, and three KuDoms cfTm -2 (SfStt 
that pos.uon Disulfide bonds link at least two of: 5 to 55, 14 LAO 1 W) 

to38.and^to51.ThenumbttofdSsulfidtt Lipoprotein-associated coagulation inhibitor (LAm :« » 

2L2£i wf°S S ^ dard CyMetas ShaU 1,6 fcft serumphosphoglycoprotein with a molecXwe 

' one cysteine is changed, then a compen- 30 of 39 kT>a (amino- acid sequence in Table 1) containing S 

satang cysteine is added in a suitable location or the match- KuDoms. We refer hereinafter to the protemTsSSandt^ 

mg cysteine is aho replaced by a non^ysteine (the latter the Kunitz domains thereof as ES?5-S2 » To 

bernggenaaJly preferred). For example. Drosophila fune- 107).lJVa-IQ(resMuesl21,ol78).andAS-K3 (2S o 

aT^^TL S ^^ F0 ^^ WhaSD0C y steine 2701 ™ e cDNAse <l u »ce of LAO is reported in WIJNT88 

!£? v *"* !* a * e * P osition - 1 Oust before 35 GKA89 reports mutational studies in which thePl residues 

potion 1); presumably this forms a disulfide to CYS 55 . If of each of the three KuDoms were altered. I^a-Kl SbTts 

^^?^O^t Ce i^r^ ° f f aCtOT <™U when F.V1I„ if con^eVed to t?ue 

(Cry or Sa)yy, and Gly 36 are dropped. Prom zero to many factor and LAO-K2 inhibits Factor X It is not known 
residues mcluding additional domains (including othci whether LAQ-K3 inhibits anything Ndther LAO n™ 
KuDomsX can be attached to either end of a Kunitz domain. « of the KuDoms of LACI isTp^em pSsma^SS 

T^^dSSS^ PrefOTed ° f mention. KuDoms 

inhibitor prevents release or separation of thTchavLf «T ■ ^ ^ uman KxDoms- For use in humans, the 

ments. InlOmitz domSs TdLiS tenl* a to Kd1£ KIT* ?* ?* f. CSigDCd '^^^ 

SnrawTfro^ t W n^a^T* Van egaUonof a protein is^y achieved by preparmg 

calledll.^K^es^;^ ZSf^r f? tfDNA( « 

are called PI*. P2'. py etc (SCHBOT STwS ft^ C °* >nS ««tag variable residues), cloning it into suitable 
generally accepted mat each SnfL^t ^ . ^ ^ ^ DNAin suitable host cells. For 

tt7^S£S . ^^vTc^KpKAB^ 

ITX^ Zt^Z*^ r^^/Z applicants have screened a first large library of LACI-K1 
inhibitors speca^r w^Tsp^cTTp^e?^! j! f K 0main ^r n of variegation is shown in Tabic 21). with 
fragment hS^th7new anSr^sSviSoteasc ^^^J^ 3 ' 

binding to human kallikrein. 
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At residues 13. 16. 17, 18. 31. and 32. the selections arc Hereinafter, the statement "the mutations X Y. )TY 2 

very strong. At position 34. the selection for either SER or . may not be needed" means that each of the mutations might 

THR is quite strong. At position 39. the selection for GLY be separately found to be unnecessary. That is. the list is not 

is strong. Position 19 seems to be rather tolerant. to be taken as a block to be applied together, but as a list of 

It should be appreciated that Applicants have not 5 things to be tested. Similarly, the lists of additional muta- 

sequenced ail of the positive isolates in this or other the tions are to be tested singly. 

libraries herein disclosed, that some of the possible mutant Protein DKI- 1.2.1 is based on human LACI-K2 and 

proteins may not have been present in the library in detect- shown m TabIe 2 * The mutations PUG. I13R. Y17A. I18H. 

able amounts, and that at some positions, only some of the T . 19P ' Y21W. R32E. K34S. and L39G are likely to confer 

possible amino acids were intended to be included in the 10 mg h affinity forpKA. Some of these substitutions may not 

library. necessary; in particular. P11G and T19P may not be 

SECOND LIBRARY OF LAd-Kl and SELECTION OF n ?P essary * tnufcuxms that might improve the pKA 

NEW KALUKREIN INHIBITORS indude E9A - D10E ' G16A - Y21R ™* L39R 

Applicants prepared a second LAd-Kl library as shown in t^^SS p nn^f! « } mi^^T^^ 

Table 750. This library utilized the observation of the first is ^^T^ l^it ^ ^ u ^ ^ 

selection and allows variability at positions 10. 11. 13. 15, ^^^^J^?^ * f ? r 
1A n 10 1ft ~, r-. . . *^ . . \ *"? PKA. Some of these substitutions may not be necessary: in 

16. 17 18 19 and 21. The residues at positions 34 and 39 particular. N19Pmay not be necessarV- Other cW^thS 

ISaR* ™ d Jir 0 Mcctan * KKmi delude D10E. F21W and G39R 

KK2/#13. as shown in Table 2 were obtained in the same Protein DKI-2.1 (Table 2) is a based on the human 
manner as described in the Example section for the first 20 collagen a3 KuDom. The mutations D16A. F17A. I18H 
screeneing. Applicants prepared the proteins KK2/#11 and R32E. and W34S are likely to confer high affinity forpKA* 
KK2/#13 in S. cerevisiae in the Mate* system described Some of these substitutions may not be necessary- in 
herein. Preliminary measurements indicate that these pro- particular. R32E may not be necessary. Other mutations that 
terns are very pc^tpKAinMbitorswithK less than 300 pM might improve the pKAaffinity include K9A DIOR D 16G 
and probably less man 100 pM. 25 K20R. R32X W34V t and G39E. 

Using the selected sequences and the binding data of DKI-3.1.1 (Table 2) is derived from Human TFPI-2 
selected KuDoms. we can write a recipe for a high-affinity domain 1. The exchanges Y11G. L17A, L18H. R31E. and 
pKA-inhibiting KuDom that can be applied to other human L34S are likely to confer high affinity for pKA. The muta- 
KuDomparentals. First, the KuDom must meet the require- tion L34S may not be needed. Other mutations mat might 
ments in Table 14. The substitutions shown in Table 15 are 30 foster pKA binding include Y21W. Y21F Q32E. L34T 
likely to confer high-affinity pKA inhibitory activity on any L34L and E39G. 

KuDom. Thus a protein mat contains a sequence that is a DKM.2.1 (Table 2) is derived from Human TFPI-2 
KuDom. as shown in Table 14, and that contains at each of domain 2. This parental domain contains insertions after 
the position 12-21 and 32-39 an amino-acid type shown in residue 9 (one residue) and 42 (two residues). The mutations 
Table 15 for that position is likely to be a potent iiihibitor of 35 E15R. G16A, S 17A. T18H.E19P, K32T. and F34V are 
human pKA. More preferably, the protein would have an intended to confer affinity for pKA. If one needs a pKA 
amino-acid type shown in Table 15 for all of the positions inhibitor based on TFPI domain 2. a preferred route is to 
listed in Table 15. To reduce the potential for immune make a library of domains allowing the substitutions given 
response, one should use one or another human KuDom as and many others and then select binders, 
parental protein to give the sequence outside the binding 40 DKI-33.1 (Table 2) is derived from human TFPI-2. 
rc £°?" , ^ . domain 3. The substitutions L13H. S 15R, and N17A are 

It is likely that a protein that comprises an amino-acid likely to confer high affinity for pKA. Other mutations that 
sequence that is substantially homologous to one of KK2/ might foster pKA binding include D10E. T19Q Y21W 
#13, KK2/#11. or KKHZ3#6 from residue 5 through residue T36G. and G39E. 

55 (as shown in Table 2) and is identical to one of KK2/#13. 45 DKI-4.1.1 (Table 2) is from human IH-K1 by assertion of 
K^#lL orKK3W#6 at positions 13-19. 31. 32. 34. and 39 S10D* M15R* M17A* T18H. Q34S. and M39G. The muta- 
wfll inhibit human pKA with a K, of 5 nM or less. KK2/#13, tions M39G and Q34V may not be necessary. Other muta- 
KK2W1L and KKH/3#6 differs from LACI-K1 at lft 8. and tions that should foster pKA binding include: G16A. M17N 
7 positions respectively. It is not clear mat these substitu- S19Q, Y21W, and Y2IF. 

tions are equally important in fostering pKA binding and 50 DKI-4.2.1 (Table 2) is from human ITI-K2 through the 
inhibition. From, the known pKA inhibitors listed, one can mutations V10D. R11D. F17A. II 8H. V31E. L32E. P34S. 
prepare a series of molecules that are progressively reverted and Q39E. The mutations V3 IE, L32E. and Q39E might not 
toward LACI-K1. It is expected mat the molecules will show be necessary. Other mutation that should foster pKA binding 
less affinity for pKA but also less potential for antigenicity- include: V10E. Q19R L20R, W21F, P34L and Q39G. DKI- 
A person skilled in the art can pick a protein of sufficient 55 4.2.2 has eight mutations: V10D. R11D. F17A. II8H, L20R. 
potency and low tanunogenicity from this collection. It is V31E. 132E. and P34S. 

also possible that substitutions in one of the listed pKA DKJ-5.1 is derived from human APP-I (also known as 
iiihibitors by amino adds that differ from LACI-KI can Protease NexiD-II) by mutations M17A. I18H. S19P.A31E 
reduce the immunogenicity without redudng the affinity for and P32E and is likely to be a potent pKA inhibitor. The 
pKA to a degree that makes the protein unsuitable for use as 60 mutations S19R A3 IE. and P32E many not be needed. 
* **J& Other mutations mat might foster pKA binding include 

DESIGNED KuDom PKA Inhibitors T11D. 

Hereinafter. "DKT will mean a "Designed PKA Iiihibitor" DKf-6.1 is derived from the HKI B9 KuDom (NORR93) 
that are KuDoms that incorporate amino-acid sequence by the five substitutions: K11D. Q15R. T16A. M17A. 
information from the SFl series of molecules, especially 65 M18H, T19P. and L32E. DKI 6.1 is likely to be a potent 
KK2W13. KK2/#11. or KKH/3#6. Sequences of several pKA inhibitor: The mutations L32E. and T19P might not be 
DKIs and their parental proteins are given in Table 2. needed 
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HHSHS** B !F? ? Dot a "^f^ y S 00 * 1 ^bitor. required that the proteins described herein be secreted. 

R39E may not be needed; the really important mutative 5 «<> ^ «Us- SecreUon is not reqiared. 

R17A and RI18H. unless there is a specific reason to include glycogroups. 

MODIFICARION OF KUN1TZ DOMAINS * C prefer P roteins deigned to lack N-linked glycosylation 

KuDoms are quite small; if this should cause a pharmaco- potential for antigenicity of glycogroups and 

logicalpr^IenLsuchasexc^sivelyquickeliniinationfiom .„ s ^ t ^T^ m J TO ! aMcanbeex P ress « l 1,1 a wide variety 

circulation, two or more such domains may be joined. A organisms induding: 1) £ coli. 2) B. subiilis. 3) P. 

preferred linker is a sequence of one or more amino acids P as ' ons - «> s - cerevisiae. and 5) mammalian cells. 

Apreferred linker is one found between repeated domains of ^veral means exist for reducing the problem of host cells 

a human protein, especially the linkers found in human BPT1 P roducll, g proteases that degrade the recombinant product; 

homologues. one of which has two domains (BALJD&5 ^ BANE9 ° BANE91. VAND92 reports that 

ALBR83a. ALBR83b) and another of which has three' " ov " rat P re f aon of *« B - signal peptidase in K coli. 

(WUNT88). Peptide linkers have the advantage that the t ° A f"^! d "P^ 00 of a heterologous fusion 

entire protein may then be expressed by recombinant DNA ^ A***™ 9 re P° Its mat addition of PMSF (a serine 

techniques. It is also possible to use a nonpepttVlyl linker »M"w> to the culture medium improved the 

such as one of those commonly used to fonTimmunogenic „, yK ^f < L uslon P roteui - _ 

conjugates. An alternative means of increasine the serum Othw factors that may affect production of these and other 

residence of a BPTI-like KuDom is to link it to P rot . clBS disclosed herein include: 1) codon usage 

polyethylenegrycol. so called PEGylation (DAVI79) (optimizing codons for the host is preferred). 2) signal 

WAYS TO IMPROVE SPECIFICITY OF FOR se< fl ,cnce * 3 > ammo-acid sequence at intended processing 

EXAMPLE. KKBTWI. KK2MU. AND KK2/#13 FOR ^"-.'Presence and localization of processing enzymes. 

PLASMA KALUKREIN: 25 deletion, mutation, or inhibition of various enzymes that 

Because we have made a large part of the surface of n"^' alter or degrade the engineered product and mutations 

KKIIZ3#d. KK2/#11. and KK2/#13 complementary to the makc L the host more permissive in secretion (permissive 
surface of pKA, R. I5 is not essential for specific binding to 

pKA. Many of the enzymes in the dotting and fibrinolytic * e,erc ° re . works on mc g enclaJ principles of recombinant 

pathways ait preferentially after Arg or Lys. Not having a D^tedinolc^ indude Watson et aL. Molecular Biology 

basic residue at the PI position may give rise to greater ^/r.-^ Volumes I and a The Benjamin/Cummings 

specificity. The variant KKItf3#7-K15A (shown in Table Company. Inc.. Menlo Park. Calif. (1987); Dar- 

27). having an ALA at PI. is likely to be a good pKA ° , Ct " MolccuJar CeU Biology. Scientific American 

inhibitor and may have higher specificity for oKArelative to ?„ New Yorfc N Y ( 1986 )= Lewin. Genes H. John 
other proteases than doesKKIKW7* The affinity of KKTO 35 ^ASo^New York. N.Y. (1985); Gld.etaL, Principles 

3#7-K15A for pKA is likely to be less than the affinity of I - - M"*" 1 * 1 "* An Introduction to Genetic 

KK3KJ#7 for pKA. but the loss of affinity for other Are/ ^g»«»«™g, 2d ^Btion. University of California Press, 

Lys-preferring enzymes is likely to be greater and, in many ^T* Cahf * (1981); Sambrook et aL Molecular Cloning: 

applications, specificity is more important than affinity * l^ratory Manual, Cold Spring Harbor Laboratory. Cold 
Other mutants that are likely to have good affinity and very 40 S™" 8 , Ha,to ^ ^ • N Y - (1989 > : ^ Ausubel et al. Current 

high specificity include KK2/#13-R15A and KK2/#11- f? 0 ^ X ?LJ?x^ leCU,ar BkAo ®' Interscience, N.Y., 

R15S. This approach could be applied to other hieb-affinitv J' *~ X references are herein entirely incorpo- 

pKA inhibitors. rated by reference as are the references cited therein. 

MODE OF PRODUCTION PREPARATION OF PEPTIDES 

The proteins of mis invention may be produced by any 45 9 bemica, polypeptide synthesis is a rapidly evolving area in 

conventional technique, including the art. and methods of solid phase polypeptide synthesis are 

(c )?r va, of undesired sequences from LAQ and ^^t^SE 

Tt,r r SAf; yn , thet ?r PlaCemeltf S ? UeDCCS MiTl987) Ausubel e^.^aTnd sSSk er 

The proteins disclosed herein are preferably produced. Tan and Kaiser (Biochemistry 1V77 U^ZauJ^ 
recombinant^ in a suitable host, such as bacteria from the * sized BPrTanl f^^J^nt™^ ' 

r 7% f "revise, Esckendua coli and Yarrowia phase synthesis, wherein the C-terminal arJnTLd is 
^- P T°!f r " re 8 ulatabIe ^ ^stitutrve. which covalendy linked to ao insoluble r«TSkSatS 4 
exptsmn ,D h0 * ^ 1X5 " Sed t0 ^ ^ e Octants are removed byTasSg^e 

p^r^Ki,,^ * - , 65 tac,es with appropriate solvents usinfj ao automated 

nr^f^t^r 316 S ^ Mostpreferably. the machine. Various methods, induding the wSS 
protons are obtained from conditioned medium. It is not the "HmoC method are well known L the itLe^mieVaS 
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Atherton et al.. J Chen, Soc Perkin Trans 1:538-546 (1981) amount of the protein, administered as a single dose or as 
^f eppard ct allntJ Myfxptd* Prot Res 20:451-454 several doses over a period of hours, days, months, or years. 
a ^Vto ™™» ™ . The suftable dosage of a protein of this invention may 

S A KALUKRHN BINDING AND on the age, sex. health, and weight of the recipient! 

mfflBmoN 5 kiwi of concurrent treatment if any. frequency of treatment. 

Any suitable method may be used to test the compounds of and the desired effect. However, the most preferred dosaee 
^VS° B - Scatcbard {Ann NY Acad Sci (1949) can be tailored to the individual subject as is understood 
51:660-669) desenbed a classical method of measuring and determinable by one of skill in the art without undue 
analyzing binding which is applicable to protein binding. experimentation by adjustment of the dose in ways known in 
this method requires relatively pure protein and the ability to the art 

to distinguish bound protein from unbound. For methods of pre clinical and clinical testing of drugs 

A second appropriate method of measuring K D is to including proteins, see. eg. Berkow et al. eds.. The Merck 
measure the inhroitor activity against the enzyme, If the K^, Manual. 15th edition. Merck and Co.. Rahway NJ 1987- 
to be measured is in the 1 dM to 1 uM range, this method Goodman et at eds.. Goodman and Oilman's The Pharma- 
requires cfaromogenic or fluorogenic substrates and tens of is cological Basis of Therapeutics. 8th edition. Pergarnon 
micrograms to miHigrams of relatively pure inhibitor. For ftess,mc..Elrnsford.N.Y..(1990);Avery'sI^gTreataient: 
the proteins of this invention, having K D in the range 5 nM Principles and Practice of Clinical Pharmacology and 
to 50 pM. nanograms to micrograms of inhibitor suffice. Therapeutics. 3rd edition. AD1S Press. LTD.. Williams and 
When using this method, the competition between the Wiikins. Baltimore. Md. (1987). Ebadi. Pharmacology 
umibitorand the enzyme substrate can give a measured K, 20 Little. Brown and Co. Boston. (1985). which references and 
mat is higher man the true K,. Measurement reported here references cited there are hereby incorporated by reference 
are not so corrected because the correction would be very In addition to a protein here disclosed, a pharmaceutical 
small and the any correction would reduce the K,. Here, we composition may contain pharmaceutically acceptable 
use the measured K,as a direct measure of carriers, recipients, or auxiliaries. See. e.g., Berker. supra. 

A third method of determining the affinity of a protein for 25 Goodman, supra. Avery, supra and Ebadi. supra, 
a second material is to have the protein displayed on a In Vitro Diagnostic Methods and Reagents 
genetic package, such as M13. and measure the ability of the Proteins of mis invention may be applied in vitro to any 
protein to adhere to the immobilized "second material".This suitable sample that might contain plasma kallikrein to 
method ,'l h ig h jy sensitive because the genetic packages can measure the pKA present To do so. the assay must include 
be amplified. We obtain at least semiquantitative values for 30 a Signal Producing System (SPS) providing a detectable 
the binding constants by use of a pH step gradient. Inhibitors signal that depends on the amount of pKA present The 
of known affinity for the protease are used to establish signal may be detected visually or instrumentaUy Possible 
standard profiles against which other phage-displayed signals include production of colored, fluorescent, or lumi- 
mhibitors are judged. Any other suitable method of measur- nescent products, alteration of the characteristics of absorp- 
mg protein binding may be used. 35 tion or emission of radiation by an assay component or 

Preferably, the proteins of this invention have a IQ> for product, and precipitation or agglutination of a component 
pKA of at most about 5nM. more preferably at most about or product 

300 pM. and most preferably 100 pM or less. Preferably, the The component of the SPS most intimately associated 
binding is inhibitory so mat K, is the same as The K, of with the diagnostic reagent is called the label*. A label may 
KKTO#6 is about 300 pM and the K,s of KK2/#11 and 40 be. e.g.. a radioisotope, a fluorophore. an enzyme, a 
KK2/#13 are less than 300 pM and probably less than 100 co-enzyme, an enzyme substrate, an electron-dense 
P™- . compound, or an agglutinable particle. A radioactive isotope 

Pharmaceutical Methods and Preparations can be detected by use of. for example, a y counter or a 

The preferred subject of this invention is a mammaL The scintillation counter or by autoradiography. Isotopes which 
invention is particularly useful in the treatment of humans. 45 arc particularly useful are 'H. 123 J, 3S s 14 C and, 
but is suitable for veternary applications too. preferably. ,2S 1 It is also possible to label a compound with 

Herein, "protection* includes "prevention". a fluorescent compound. When the fluorescently labeled 
'suppression'', and "treatment". "Prevention" involves compound is exposed to light of the proper wave length its 
administration of drug prior to the induction of disease. presence can be detected. Among the most commonly used 
"Suppression" involves administration of drug prior to the so fluorescent labelling compounds are fluorescein 
clinical appearance of disease. "Treatment" involves admin- isothiocyanate. rhodamine. phycoerythrin. pbycocyanin 
istrauon of drug after the appearance of disease. allophycocyanin. o-phthaldehyde. and fluorescamine.' 

In human and veterinary medicine, it may not be possible Alternatively, fluorescence-emitting metals, such as 125 Eu or 
to distinguish between "preventing" and "suppressing" since other lanthanide. may be attached to the binding protein 
the inductive events) may be unknown or latent or the 55 using such metal chelating groups as m'emyknetriarninetet- 
panent is not ascertained until after the occurrence of the raacetic acid or emylenediamine-tetraacetic acid. The pro- 
inductive events). We use the term "prophylaxis" as distinct teins also can be detectably labeled by coupling to a dierai- 
from "treatment" to encompass "preventing" and "suppress- numinescent compound, such as luminol. isolumino 
ing". Herein, "protection" includes "prophylaxis". Protec- rheromatic acridinium ester, imidazole, acridinium salt, and 
uonneed not be absolute to be useful. 60 oxalate ester. Likewise, a bioluminescent compound, such as 

Proteins of this invention may be administered, by any ludferin. ludferase and aequorin. may be used to label the 
means, systemfcafly or topically, to protect a subject against binding protein. The presence of a biohiminescent protein is 
a disease or adverse condition. For example, administration determined by detecting the presence of luminescence 
of such a composition may be by any parenteral route, by Enzyme labels, such as horseradish peroxidase and alkaline 
bolus injection or by gradual perfusion. Alternatively, or 6$ phosphatase, are preferred. 

concurrently, adrmnistration may be by the oral route. A There are two basic types of assays: heterogeneous and 
suitable regimen comprises administration of an effective homogeneous. In heterogeneous assays, binding of the affin- 
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ity molecule to analyte does not affect the label; thus, to iv) Immunogenic^ (most are murine)- and 
t^^TljZ'tt b ° Und fcW - ,l ^HfghprJuctionLanrpr^bmty 

ssl dS ^ct^acuviirrs sejs ^"t^T h r , ,ed ^ "* ^ 

can be measured without sep2ol 1 , ^ d . to develop peptide-based imaging agents. 

may be used to assay pKA. or. by competitive inhibition. Engineered *J££Z21£m to ^ require . 

oth« substances which b^dpKA. ments for an imaging agent JparaX ft ex^orXa^ 

TT,e sample will normally be a biological fluid, such as affinity and specificity that is ^obtainable by eSS 

blood, unne. lymph, semen, milk, or cerebrospinal fluid, or ' small, stable, human-origin protein domains having known 

a derivative thereof, or a biological tissue, e.g.. a tissue in vivo clearance rates and mechanisms combine to provide 

section ox homogenate. The sample could be anything. If the earlier, more reliable results, less toxicity/side effects lower 

sample is a biological fluid or tissue, it may be taken from , s production and storage cost, and greater convenience of 

a human or other mammal, vertebrate or animal, or from a label preparation. Indeed, it should be possible to achieve 

plant The preferred sample is Wood, or a fraction or mc of realtime imaging with engineered protein imag- 

derivative thereof ing agents. Thus, a Kallikrein-binding protein. e.g.. KJCuV 

In one embodiment, the pKA-binding protein (KBP) is 3#6, KK^U- and KK2/#13 may be used for localizing 

immobilized, and pKA in the sample is allowed to compete **** °f excessive P&A activity. 

with a known quantity of a labeled or specifically labelable M v Radio " Iabclled °wding protein may be administered to the 

pKA analogue. The "pKA analogue" is a molecule capable ?* ma ? or aahnai "•i 6 * Adrninistration is typically by 

of competing with pKA for binding to the KBP which M / e< ? , ? n - e-g.. intravenous or arterial ox other means of 

includes pKA itself It may be labeled already, or it'may be f!^^? » sufficient »» permit subsequent 

* , •* Vi_ - L „ radio-unaguttg agents as guides 

agent (KBA) and la i labeled KBA are employed. The pKA ^ the subject, or on that portion of the body or organ relevant 
ETC i* insolubilized KBA and is tagged 30 to the condition ox disuse under study/^eSkS 

oy roe laoeiea KBA, forming a tertiary complex. The binding protein has accumulated The amount of radio- 
reagents may be added to the sample in any order. The KBAs labelled binding protein accumulated at a given point in time 
may be the same or different, and only one KBA need be a in relevant target organs can then be quantified. 
KBP according to this invention (the other may be, e.g„ an « A particularly suitable radio-detecting device is a scintil- 
antibody). The amount of labeled KBA in the tertiary lation camera, such as a y camera. The detection device in 
complex is directly proportional to the amount ofpKA in the the 03111612 senses and records (and optional digitizes) the 
sample. radioactive decay. Digitized information can be analyzed in 

The two ejnbodiments described above are both hetero- any suitable wav * many of which are known in the ait For 
geneous assays. A homogeneous assay requires only that the g^P^- a time-activity analysis can illustrate uptake 
label be affected by the binding of the KBP to pKA. The 40 dcarance of radio-labelled binding protein by 

pKA analyte may act as its own label if a pKA inhibitor is ^e Vxget organs with time. 

used as a diagnostic reagent various factors are taken into consideration in picking an 

A label may be conjugated, directly or indirectly (e g ai ^ opriate radioisotope. The isotope is picked: to allow 
through a labeled anti-KBP antibody), covalently (e g wife « - q ? f^ 1 "* 011 "P™ iniaging, to be safe for diag- 
SPDP) or noncovalentfy. to the pKA-binding protein to 5 f animals > ™^ Preferably, to have 

produce a diagnostic reagent Similarly, the pKA binding * S1 ^™- Kfe **> as to decrease the amount of radiation 
protein may be conjugated to a solid phase support to form ^fTf y ***** ^ radioisoto Pe used should prefer- 
a solid phase ("capture") diagnostic reagent Suitable sup- y Jf ^ armacol <>gicaUy inert, and the quantities admin- 
ports include glass, polystyrene, polypropylene^ ^ I?^- * "* have » ubstolllM Penological effect The 
polyethylene, dextran. nylon, amylases, and magnetite. Ttie 50 ?^ ***** ™ y te with ******* <*»°pes 

carrier can be soluble to some extent or msohTble for the fr^?^ f^^T 1 ^ 1 for cxam P^ 
purposes of this invention. The support material may have u \^ at No - 4,609,725). The amount of labeling must be 
any structure so long as the coupled molecule is capable of "T^^ momt0red ' L 

binding pKA. 10 applications to human subjects, it may be desirable to 

In Vivo Diagnostic Uses 55 me radioisotopes other than 1 ^ for labelling to decrease the 

A Kunitz domain that binds very tightly to pKA can be used T** dosimetr y ex P osure of me body and to cptinuize the 
for in vivo imaging, Diagnostic imaging of disease foci was ,. tect T lHty of me Ube ^^ d molecule. Considering ready 
considered one of the largest commercial opportunities for a S£?" 1 ^ f ^ JJ? e 10 preferred radio-labels 

monoclonal antibodies, but this opportum^ SS 1 * 51 ^ Ga * ua Tit 1 VRe, 

achieved. Despite considerable effort, only two monoclonal *° ? e0r A^^^-labelled protein may be prepared by 
antibody-based imaging agents have been approved. The J?*** methods ' mclude radio-halogenation by the 
disappointing results obtained with monoclonal antibodies is ^oramine-T or lactoperoxidase method and subsequent 
due in large measure to: purification by high pressure liquid chromatography, for 

i) Inadequate affinity and/or specificity « t^f^ SC l l GuUC0Wska et 31 m "Endocrinology and 

ii) Poor r^etration to target^ 65 M ^ hsm Qmi » of America: (1987) 16 (1): 183. Other 
•A ci t ' ^ ' methods of radio-kbelting can be used such as ionO- 
m) Slow clearance from nontarget sites; BEADS™. e * 51,011 1ULH> 
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A radio-labelled protein may be administered by any display library with the kailikrein-beads of interest in a 
means that enables the active agent to reach the agent's site buffered solution (PBS comaining 1 mg/ml BSA) followed 
of action in a mammal. Because proteins are subject to by washing away the unbound and poorly retained display- 
digestion when administered orally, parenteral phage variant with PBS containing 0.1% Tween 20. Kai- 
administration. i.e., intravenous subcutaneous. 5 likrein beads were made by coupling human plasma Kal- 
intramuscular. would ordinarily be used to optimize absorrv likrein (Calbiocbem. San Diego. Calif., # 420302) to agarose 
*">n. beads using Reactigel (6x) (Pierce. Rockford, H. #202606). 

High-affinity, high-specificity inhibitors are also useful The more strongly bound display-phage are eluted with a 

for in vitro diagnostics of excess human pKA activity. low pH elution buffer, typically citrate buffer (pH 2.0) 

Other Uses containing 1 mg/ml BSA. which is immediately neutralized 

The JtauUikrein-binding proteins of this invention may also 10 with Tns buffcr to P H 7 -5. This process constitutes a single 

be used to purify kallikrein from a fluid, e.g.. blood. For this. round of selection. 

the KBP is preferably immobilized on a support Such The neutralized eluted display-phage can be either used: 

supports, include those already mentioned as useful in i) to inoculate an strain of & coli to generate a new 

preparing solid phase diagnostic reagents. display-phage stock, to be used for subsequent rounds 

Proteins can be used as molecular weight markers for 15 of selection (so-called conventional screening) or 

reference in the separation or purification of proteins. Pro- ii) be used directly for another immediate round of 

terns may need to be denatured to serve as molecular weight cMp^;™ w ;th ^I IT/ /? 

markers. A second general utility for proteins is the usetf £2ta> * ( qU,ck 

hydrolyzed protein as a nutrient source. Proteins may also be ™. . „ ^ . c ^ ^ 
used to imxease the viscosity of a solution. 20 ^P IcaU * Grounds of either method, or a combination of 

The proteins of this invention may be used for any of the ? e 9X0 P«fc™ed to give rise to the final selected 

foregoing purposes, as well as for therapeutic and diagnostic fc^y-phage which a representative number are 

purposes as discussed further earlier in this specification. sequenced and analyzed for binding properties either as 

__ AV|CT pools of display-phage or as individual clones. 

EXAMFLE 1: Two phases of selection were performed, each consisting 

Construction of First LACI-K1 Library of three rounds of binding and elution. Phase I selection used 

A synthetic oligonudeotide duplex having Nsil- and Stel2^ 1 
Mlul-compatible ends was cloned into a parliital vector lal^ f^^Z ^ ^/^ of b ^ and elution 

rauon into XLIMR (r ' Escherichia cob strain and plated on variecated residues M XI 14 an H \Q\ Th*> 1 ivin? \ n Z 
ISSSdSSil Z t-Si^r 11 Ubraries - T1»e Phase H libraries underwent threffE 

sequences). Tbe libraiy obtained consisted of 1.4x10* inde- r!oL„„v„ »™„ Z^J?!jTiZ: ■ t 

__„j_„, £ - ■ . -„ . . , ~* - 7T following two phases of selection against human plasma 

££££ a «??™f el y a fold «PJ«e"- kallikrein-agaroscbeads a number (10^ the final seS 

SiSStiX SS^tSSfitRS!^ were sequenced. The LnoJTs£^ 

E tS^^gS 1^ Lg^" S on q 6 shown in Table 2. entries KBPconl through KKH/319© 
average. IxlO 7 in total and 2.6x10* times per ml of phage « Table 23 shows that KHKKD) is a highly specific inhibi- 

r- „ * . , _ tor of human Kallikrein. Phage that display the LACT-Kl 

J° "ST f ™Z™&*<* Z f "Pf 3K 3Z 34 md 39 derivative KkH/3(D) bindT Kallikrein beads Miett 
(^^n^c^udcotidt 5 duplexes with MM- sO-times more than it binds to other protease targets. 
hI^ma?^ WCTe ^ 0 rt « t0 P™* 00 ** « teliminary measurements indict that KHTO#6 is a 
cleaved R, DNA derived from one of the following 45 potent inhibitor of pKA with K, probably less than 500 pM. 

0 the parental construction. Expression, Purification and Kinetic Analysis. 

fi) the phase I library, or The three isolates KKII/3#6. KK2/#11, and KK2/#13 were 

in) display phage selected from the first phase binding to redoned into a yeast expression vector. The yeast expression 
a given target. vector is derived from pMFalphaS (KURJ82 and MIYA85). 

The variegation scheme for phase II allows for 4096 50 The LAQ variant genes were fused to part of the mata 1 
different DNA sequences (1600 different protein sequences) gene, generating a hybrid gene consisting of the mata 1 
due to alterations at residues 31. 32, 34 and 39. Tbe final promoter-signal peptide and leader sequence-fused to the 
phase II variegation is dependent upon the level of varie- LAC3 variant The cloning site is shown in Table 24. Note 
gation rernaining following tbe three rounds of binding and that the correctly processed LACI-K1 variant protein should 
elution with a given target in phase L 55 be as detailed in Table 2 with the addition of residues 

9 t 1 ^? 16 Variegatkm ec * uals glu-aia-ala-glu (SEQ ID NO: 70) to the N-terrxiina! met 

2.7x10? differentDNA sequences or 5.0xl0 7 different pro- (residue 1 in Table 2\ Expression in S. cerevisiae gave 
tern ^sequences. When prwously selected display phage are acceptable yield typical this system. Yeast^xpressed 
SkvdTv^ela^ ™* (kumrToomal 

final level of vanegaUon is probably in the range of 10 5 to 60 3 #6. KK2^11. and KK2/#13 were purified by affimty^o- 

matography using trypsin-agarose beads. 
EXAMPLE 2: For larger-scale production. Pichia pastoris is a preferred 

Screening of LAQ (Kl) Library for Binding to host. Tlie most preferred production system in P pastoris is 

iLulikrein ^ alcohol oxidase system. Others have produced a number 

_ „ . 65 of {Hoteins in the yeast Pichia pastoris. For example. 

The overall scheme for selecting a LAQ-K1 variant to Vedvick et al. (VEDV91) and Wagner et aL (WAGN92) 
bind to a given protease involves incubation of the phage- produced aprotinin from the alcohol oxidase promoter with 
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induction by methanol as a secreted protein in the culture 
medium at «1 mg/ml. Gregg et al. (GREG93) have reviewed 
production of a number of proteins in /> pastoris. Table 1 of 
GREG93 shows proteins that have been produced in P. 
pastoris and the yields. 
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All references, including those to U.S. and foreign patents 
or patent applications, and to nonpatent disclosures, are 
hereby incorporated by reference in their entirety. 



TABLE 1 

Sequence of whole LACI: 



NflYTMKKVHA LWASVCLULN LAPAPLNArfs eedeehtiit dtelpplklM 

HSFCAKKADD GPCKAMKRF FFNIFTRQCE EFIYGGCEGN QNWRESLEBC 

fQaiCTRDiian riibtfqqee tpdfcfleed pjocnrvitr 

mnnnfetlee ctaocedgpn gfcjvdnygtq 

**!£!!!.. fl^wdtp «hSciaBe nrfyynsvig kcrpfkysgc 

B P!" B ^,„ V% qedrackkg fiqriskggt iktkrkrkkq rvkiayeeif 
vknra (SEQ ID NO. 18) 



51 
101 
151 
201 
251 
301 



yfynaqtkod 



The signal sequence (1-28) is uppercase and underscored 
LACI-KI b upp er c a se 
LACI-K2 is underscored 
LACI-K3 is bold 



TABLE 2 is below. 
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TABLE 3 



BPTI# 




Library 


Preferred 


(Lac I) 


Residues 


Residues 


13 


P 


LHPR 


HP 


16 


A 


AG 


AG 


17 


i 


FYLHINA 
SCPRTVD 
G 


NSA 


18 


M 


an 


HL 


19 


K 


LWQMKAG 
SPKTVE 


QLP 


31 


£ 


EQ 


£ 


32 


E 


EQ 


EQ 


34 


I 


all 


sm 


39 


£ 


all 


GEA 



30 



35 



TABLE 2 



Sequences of Kimttz do mains, some of which inhibit hiTm^n pgA 



Amirjo-acid sequence 

lllinilll22222222223333333333444444444455555*5555 
Meat 1 2345678901 23456789012345678901 2345678901 234S678901 2345678 



SEQ ID NO. 



RTOBCLEPPYTCPCKAJUmY^ 

inbsfciftaddgHckaNHQ^ 
n^stcafloddgHcl^SU^ffriu^^ 

mhsfcafiadd^kANHQrfffiufb^ 

ntefcaft a d4gHckAra^ 

mhsfcafkaAteHcfcASIJrfjrhi^^ 

n u Vtotoq g H ckANHQjff^^ 

mtefeiflalcfcHckAm^ 

mhsfiarfciddgHckA^ 

mhsfcafkad<^kANHQrfliirif^^ 

mhs&afkaddgHcKL^ajfmftnjcB^ 

D^fcaftaddgRcKJAHDffr^^ 

mbsfi^fiaddgHckAr^Qrfjfbif^^ 



BPn 

LACHCl 
KBPcool 

KKII/3#2 
KKH/3#3 
KKII/3#4 
KKH/3#5 
KKHtt#6 
KKU/3#7 
KKH/3#8 
KKH3#9 
KKIWfrlO 
KKU3(a) 
KKV3(b) 
KKIO#C 
KK2/#13 
KK2WI4 

KK2/#5 

KK2/#1I mbsfcalkaDDgPtRAAHPrWr^^ 



SEQ ID NO. 2 
SEQ ID NO. 3 
SEQ ID NO. 4 
SEQ ID NO. 5 
SEQ ID NO- 6 
SEQ ID NO. 7 
SEQ ID NO. 8 
SEQ ID NO. 9 
SEQ ID NO. 10 
SEQ ID NO. 11 
SEQ ID NO. 12 
SEQ ID NO. 13 
SEQ ID NO. 14 
SEQ ID NO. 15 
SEQ ID NO. 16 
SEQ ID NO. 17 
SEQ ID NO. 19 
SEQ ID NO. 20 
SEQ ID NO. 21 
SEQ 0> NO. 22 
SEQ ID NO. 23 
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TABLE 2-continued 



Sequences of Kunitz domains, some of which inhibit human pKA. 

Amino-acid sequence 

lllUiliU 222222222233333333334444444444555555555 
Meat 1234567890123456789012345678901234567890123456789012345678 SEQ ID NO. 

KK2W4 mhsfcafkaDVgRcRGAQPrFffiuftr^ SEQ jj) NO 24 

KK2W6 mhsfciftaDDgScRAAHLrWffiiif^^ SEQ W NO 25 

KK2W10 mhsfcafkaEGgScRAAHOrWfoiftrqcEEf^ SEQ ID NO 26 

KK27#8 inhsfcafkaDDgftROAHLrFffiaifb^^ SEQ ID NO 27 

KK2W3 n^fcafkaDDgHcRGAIJVWniiiftrqcEEfS^ SEQ ro N0 * 28 

KK2W9 nmsfcaflouTfcSgNcRGNLPrFffitf^^ SEO jd no 29 

KK2W7 nms&afkaDSgRcRG^QrFmmliqcEB^ SEQ 0) NO 30 

KK2W12 nihsfcafkalXJgRcRAIQfrWmiif^^ SEQ ID NO 31 

KK2conl mbsfcafkaDDgRcRGAHrWffiiirta}c^^ SEQ ID NO 32 

Human LACI-K2 KFDPCJUEK*GlCRGYrntYFYNNQTKQCERFK^ SEQ ID NO* 33 

DK1-1.2.1 kpdfcfleed^crgAHPrWryo^^ SEQ ID NO 34 

Human LACI-K3 GPSWCXTPADRGLCRANEOTOnfYNSVTG^ SEQ ID NO. 35 

DKI-I3.1 gpwcltpadPgflcraAHPrry^ SEQ ID NO 36 

Human collagen a3 ETDKKlJ'KDBGRCRDFnJCWYYDPr^^ SEQ ID NO 37 
KuDom 

DH-2.1 etdicklptategtcrAAHIkwyy^ SEQ ID NO 38 

TFK-2 DOMAIN 1 NAEkXLHJDYGrcRAIXXRYYYDRYIQ SEQ ID Noi 39 

DKI-3.I.1 i>aeKnp]dQgpenu\HIryyydryt<^^ SEOIDNO 40 

ttpi-2 DOMAIN 2 VPKVCRLQVS- SEQ n> NO 41 
VDDQCEGSTAKYFFNI^SMTTSKFFSGGCHRNR- 

IENRFPDEATCMGFCAPK 

DKI-3.2.1 vpkvcrJqvs- SEQ ID NO. 42 
vddqcRAAHPtyfi^ilfi&intecEffeggchmr- 

, A tenrrpdeatcmgfcapk 

im ~ 2 DOMAIN 3 ffSFCYSFKDECHXSANVTRYYFNPRYRIXZDAFrr^ SEQ ID NO. 43 

DKI-33.1 jpsrry spkdegHcRaAH Qiyy tnpry iV xtaf^cggMfaiDfvsTOfckracaka SEQ ID NO 44 

HUMAN m-Kl KEDSCQLGYSAGPCMGMTSRYFYNaTSMA^ SEQ ID NO* 45 

DKX4.1.1 kedscq^DagpeRgAHPrytyngt^^ SEQ ID NO 46 

Human XXI-K2 TVAACrVIVllGICRAWLWAI^ SEQ ID NO. 47 

BKM.2.1 tvaaciu>iDI}gpcraAHahraf^^ SEQ ID NO, 48 

DKI-4-2.2 tvaaai^DgpaaAHqRwardavkgkcEE^ SEQ ID NO 49 

HUMAN VREVCSEQAEIGTCRAMISRWYFDVTEGKCAP^^ SEQ ID NO 50 
PROTEASE 
NEHN-H 

DKI-5.1 vrevcsecpetgrxiaAHPrwyftfvtegk^^ SEQ ID NO 51 

HKIB9 domain 1JNVCAFIMEKGPCQTYM1 KWM*^M SEQ ID NO 53 

DKI-6.1 rpir/carpmeDgpcRAAHPrwf^ SEQ ID NO* 54 

DKI-7.1 ipdfckppEtgpcRaAHPtyfyiukagk^ SEQ ID NO. 55 

40 



TABLE 8 

Tlinrfmfl T ^ta far Sclec* ** Kan^ ip^iading D Kpfa y-Phaft* 



Dispby-Pliage<a) Fraction Bound(b) Relative Bioding(c) 



LACI 


4.2 x KT* 


1.0 


BPTI 


2.5 xHT 5 


6.0 


KKV3(a> 


3.2 x lO^ 


761 


KKIQ<b) 


22 x1V* 


524 


KKIV3#5 


35X1CT 9 


928 


KKDO#6 


8.7 x lfr* 


3071 



(a) Clonal isolates of (fisptay-phage, LACI-K1 is me parental mofccufc, BPTI 
(bovine pancreatic trypsin inhibitor) is a control and KKH/3 (5 and 6) and 
KKI/3 (a and b) were selected by binding to the target protease, kallucrem. 

(b) The number ofpfu's eluted after a Unomgexperin^ as a fraction of the 
input number (10 1 * pro's). 

(c) Fraction bound relative to the parental dispfey-phage, LACI-Kl. 



TABLE 9 



Cc^iscrvarive and Scmicgpser/aiivc substitutions 

Initial Conservative Seim^ocservatrve 

AA type Category substitution substitution 



A Small non- G, S,T N t V»P»(C) 
polar or 



TABLE 9-continued 



Conservative and Semjconservativc substitutions 

Initial Conservative Seim-conservative 

AAtype Category substitution substitution 



slightly 



50 



55 



60 



65 





polar 






c 


fieeSH 


A,M,L,V t I 


F, G 


D 


acidic; 


E, N t S„ T, Q 


iKrthrng 
K, R, H, A 




hydtopmlic 




E 


aritny. 


D,QtS,T,N 


K» R, H, A 




hydropbilic 






F 


aromatic 


W ? Y,H,L,M 


nothing 


G 


Oly-onry 
ccxitormation 


nothing 




"normaf* 


A,S,NJ 


D, E, H, I. K, L, M, 




conformation 




Q.R,v 


H 


amphoteric 
aromatic 


XF,K,R 


L,M,A,(C) 


I 


aliphatic, 

i ■ t a 

Drancneo p 


YUM, A 


F.X W,G(C) 


K 


carbon 
basic 


KH 


Q, N T S, T, D, E, A 


L 


aliphatic 




F,XW t H,(C) 


M 


hydrophobic 


L*I>V,A 


Q.F„XW r (CX(RX 








(KX<E) 


N 


noo-pobr 


S,T,(D),Q, 


K,R 



5 ? 795 ? 865 
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TABLE 9-continued 



Conservative and Semicoaservativc substitutions 



22 



TABLE 15-continued 



Initial 




Conservative 




AA type Category 


substitution 


substitution 




hydrophilic 


A, G, (E) 




P 


inflexible 


V,I 


a,(cx(dx<e).f, 








H,(K),L,M,N,Q, 








(R), SJ,W,Y 


Q 


aliphatic 


N,E,A,S,T, 


M,L,K,R 




plus amide 


D 


R 


basic 


K, Q, H 


S,T.E,D,A, 


S 


hydrophilic 


A,T,G,N 


D, E, R, K 


T 


hydrophilic 


A, S, G, N, V 


I>, E, R, K, I 


V 


aliphatic. 




P»(C) 




branched p 






carbon 






W 


aromatic 


F,Y.H 


L,M,I,V,(C) 


Y 


aromatic 


F,W,H 


L,M,I,V,(C) 



Substitution to confer hiph affini ty for pKA on KuDoms 
Position Preferred Allowed Unlikely to work 



Changing from A. R H. L L. M, R V, W. or Y to C is 
semiconservative if the new cysteine remains as a free thioL 
Changing from M to E. R, K is semiconservative if the ionic 
tip of the new side group can reach the protein surface while 
the methylene groups make hydrophobic contacts. 
Changing from Pto one of K. R, K or D is semiconservative 
if the side group is on or near the surface of the protein. 



10 



is 



20 



25 



TABLE 14 



Definition of a Kunitz Domain (SEQ LP NO. 52) 

1 2 3 4 5 

1234567890123456789012345678901234567890123456789012345678 

Where: 

XI, X2, X3. X4, X58, X57, and X56 may be absent, 
X21 = Phe, Tyr, Trp, 
X22=»TyrorPhe Jf 
X23 = Tyr or Phe, 
X35 = or Trp, 
X36 = Gty or So; 
X40 = OlyorAh T 
X43 = Asn or Gly r and 
X45 = Phe or Tyr 



30 



35 



40 



16 Ala, Gly 

17 Ala, Asn, Ser T Qe 

18 His, Leu, Gin 

19 Pro, Gly, Leu 

20 Arg 

21 Trp,Pbe 

31 Ghi 

32 Gro.GIn 



33 Phe 

34 Sex, Thr, Be 



35 Tyi 

36 Gty 

37 Gty 



38 Cys 

39 Gly, Glu, Ab 



|Scr, Asp, Asa} 

|Gly, Val, Gin, Thr 
lAla, 

|Asn,nej 



Leu, Ala, Ser, Lys, 
Gin, Val 



flVn His, Bel 



[Asp, Ghi, Asn, Set, 
Ala, Val, Leu, Be, 
ThrJ 

(Asp, Asn, Pro, Thr, 
Leu, Ser,Ala, Gry r 
ValJ 

nyrj 

fVal, Ala, Asn, Gly, 
Leuj 

rrrp,Phe) 
Ser, Ab 

(Other anuoo-acid 
types allowed only 
if G, 4 — C33 replaced 
by other types.) 
(Other amino acids 
ONLY if C| 4 also 
changed.) 
[Ser, Asp} 



Pro. Thr, Val Trp, 

(Cys, Glu, Phe, His, 
He, Lys, Leu, Met, 
Pro, Gin, Arg, Thr, 
Val,Trp,Tyr) 
Cys, Asp. Phe, His, 
Pro, Arg, Tyr, (Glu, 
Lys, Met, Trp) 
Cys, Asp, Glu, Phe, 
Gly; Be, Lys, Met, 
Asn, Pro, Arg, Ser, 
Thr, Val, Trp, iyr 
Ala, Ghi, Gty, Met, 
Arg, Ser, Thr, Val, 
lip, (Cys, Asp, Phe, 
His,T*r) 
(Cys, Glu, Phe, 
Gly, His, He, Met, 
Asn, Pro, Thr, Trp, 
iyr) 

Cys, Leu (Ala, Asp, 
GJu, Gly, Lys, Met, 
Asn, Pro, Gin, Arg, 
Ser, Thr, Val) 
(Arg, Lys, Cys, Phe, 
Gly; His, Met, Pro, 
Trp,1Vr) 

(Cys, Phe, His, Be, 
Lys, Met, Arg, Trp, 

other 18 excluded. 
Cys, Asp, Ghi, Phe, 
His, Lys, Met, Pro, 
Gto,Arg > Trp,iyr 
(other 17) 
(other 17) 



Other 15. 



TABLE 15 



Substitution t o confer high affinity pKA on KuDome 
Position Preferred Allowed Unlikely to work 



10 Asp, Ghi 



13 



Ah, Gty, Ser, Thr 



11 Asp, Gly, Ser, Val Glu, Leu, Met, 

f Asn, Be, Ala, ThrJ 

12 Gly (Other amino acids 

ONLY if Cu — Cja 
disulfide replaced 
by other amino 
acids.) 

Arg, His, Pro, Asn, IThr, Ala, Gly, Lys, 
Ser Gin) 



14 Cys 



15 Arg, Lys 



(Other amino acids 
ONLY if C 38 also 
changed.) 

(Ala, Ser, Gty, Met, 
Asn,GmJ 



lys, Asn (Arg, Cys; 
Phe, His, Be, Leu, 
Met, Pro, Gin, Val, 
'HP, T*r) 

(Cys, Phe, His, Lys, 
Pro, Gin, Arg, Trp, 
Tyt) 



Pne>iyr»Qrs,Leu, 
Be, Val, Asp (Glu, 
Met, Trp) 



(Cys, Asp, Glu, 
Phe, His, Be, Leu, 



45 Under "Preferred", most highly preferred type are bold 
Under "Allowed* are types not actually tested, but judged to 
be acceptable. Types shown in square brackets were allowed 
and not selected, but are so similar to types that were 
, ^ selected that the type is unlikely to abolish pKA binding. 
Such types are not preferred, but pKA-binding proteins 
could have such types. 

Under "Unlikely to work", types shown outside parentheses 
have been tried and no isolates had that type; types in 
55 parentheses have not been tested, but are judged to be 
unsuitable from consideration of the types actually 
excluded. 



60 



65 



TABLE 21 



First Variegation of LACI-K1 



a b 12345 678 9 10 
AE MHSPC A F K A D 
fgcclgagbtglcatttcclttcftgcfgcdttcbaglgcrfgarl 
I Nsil I 



23 

TABLE 21-continued 



5,795.865 



Firsr Vsrkgatkxi of LACI-Kl 



I IN 
C(H 

FfS FfY 

YCLIS LIS 
LS> Wtt> WfiP 
HIR QIR Q|R 

I rr mit mjt 

NIVKIV KfV 
1? AID AE AE 

D GWRC K AG G DIG O R 
II 12 13 1415 ?6 17 18 19 20 
Iga^ggtfcNtftgtfaaaigStBWtlNNSINNglcgtJ 

F F F N I P T ROC 

21222324 25 2627 28 29 30 
toelttcittcbacbietae hcgfcgfcagkgcl 
IMIuI I 



QE 


NH 


MK 


en 


FB 


fiy 


Y1C 


LIS 


LIP 


W1P 


HIR 


QIR 


IfT 


Mrr 


NIV 


KfV 


AID 


AJE 


EIQEIQFGfW Y 


G G CGfiD 



31 32 3334 35 36 37 3839 40 41 42 



I Baffin 



NRFBSLEB 
43 44 45 46 4748 49 50 
taaclcggHrc^aaJtctlctalgaglgaat 
IBstBI IfXball 

I Age! I 



24 

TABLE 21-continued 



First Variegation of LACI-K I 



5152 53 54 55 56 57 58 59 60 
CKKMCTRDG A 
ftgttaagfaagfat^gc(Ktkgtfeacl£gc gec 
I KasI I 



10 



15 



20 



25 



The segment from Nsil to Miul gives 65.536 DNA 
sequences and 31,200 protein sequences. Second group of 
variegation gives 21.840 and 32.768 variants. This variega- 
tion can go in on a fragment having Mlul and one of AgeL 
BstBL or Xbal ends. Because of the closeness between 
codon 42 and the 3restriction site, one will make a self- 
priming oligonucleotide, fill in. and cut with Mlul and. for 
example, BstBL Total variants are 2.726x10? and 8.59xltf>. 

The DNA sequence has SEQ ID NO. 56. 

The amino acid sequence has SEQ ID NO. 57. 

TABLE 23 



30 



35 







Soecificitv R~»Hc 




Protein 
displayed 




famwbtlggd enzyme tesfasd 




cnMtt 


Plasmm 


Haombm pKA Trypsin 


Trypsin, 


LACI-Kl 
KkB/3(D) 

BPn 


1 

3.4 
8g. 


1 1 1 

1-5 196. 2. 
1-1 1.7 03 


1 

1.4 
.8 



Nuinbers refer to relative binding of phage display clones 
40 compared to the parental phage display. 

The KkIW(DXKallikrein) clone retains the parental mol- 
ecufe s afl&mty fox trypsin. Kkfl/3(D) was selected for 
binding to pKA. 



TABLE 24 

Mata X cerevmae expression vectors: 



Matctl (MfccS) — 

K R P R SEOIDNO 58 

' ■ lAAArAGGCCTCG AK3 ... -3* SEQ ID NO.' 59 
I StuI | 

I Xbcl t 

Mata2 (after introchiction of a linker into Stul-cut DNA) 

KRB A A E P W 0 ^*TOI»« 

1 ' ' Sty! I KasI I \ Xbol | 

DNA: SEQ ID NO. 61 
Matct-LAd-Kl, amioo acids: SEQ H> NO. 62, DNA: SEQ ID NO 63 

v ■> t b C d 12345678 
* K E A A E MHSFCAFK 
5TAAAIACXHGAAIGCCHCXX^ 

» Bag! M Wsg t 



25 



5.795,865 



TABLE 24-continued 

Ma* g & ce revising expiession vectors: 
9 10 11 12 13 1415 16 17 18 19 20 
ADDGPCKAIMKR 
IgctlgatlgaCtegnccGftgtbaalgcUalc btgtaafcgtf 
1 Rg g ' BspHIl 

21222324 252627 28 29 30 
FFFNIFT RQC 
hteliclttcbacbtthtcbcGfc g t Icagbgc I 
t Mhtf I 

31 32 33 3435 36 37 38 39 40 41 42 
EEFIYGGCEGNQ 
(gag^tnChttttaclggt%gtlg%aategihac(cag| 
JEcoRIt ) BstEH I 

43 44 45 46 4748 49 50 

NRFESLEE 
bacfciGtttctg&altctfctAigagfeaal 

I IBstBI MXball 

t AgciT 

51 52 53 54 55 56 57 58 59 60 
CKKMCTR0GA 

frgtbagbaglatghgcbctlcgtteaclggc fccc /TAAfTACHCTC IGAGJ-3> 
1 KasI t I Xbol I 



We expect that Mata pie sequence is cleaved before 
OLU tf — ALA fc — 



TABLE 27 



High specificity plasma KalUkrein inhibitors 



LACJ-Kl (SEQ ID NO. 3) — ' 



KK2W11-RI5S (SEQ ID NO. 66) 



XX library #2 



TABLE 49 
Rcskfaic Number 



10 



» 12 13 14 15 16 17 18 19 20 21 

^ CtKi I> D G P C K A \ Z~Z Z T 

KKB/3 a 8HckA NHQ r f 



FS 
YC 

Nl LP NI 

NK AD HR AD OL Qi 

DE £ « " « « AG 5? $ £ 
W ^ GV R R 

AD 
G 



FW 

OL 



27 



5.795.865 



28 



TABLE 49-continued 



Residue Number 





10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


KK2/08 




















L 




F 


KK2W3 


























KK2/#9 




S 




N 








N 


L 






F 


KK2/#7 




S 












N 




Q 




F 


KK2/#12 




G 










A 


I 


Q 








Consensus #2 


D 


D 


g 


R 


c 


R 


G 


A 


H 


p 


r 


W 



TABLE 750 



DNA that embodies Library KKF. 

NK 

MHSFC AFK A DIE 
12345 678 9 10 
5'-cctcct alg cat tec ttc tgc gec tic aag get RaS 
INs3 I 



I IV 

TIA 
SK3 

DIN G 



FtS 
YC 
L(H 
RS 

VTT VTT (M) (K) 

AK3 AtS LIP LIP 

DN Gfl> QK 

P C KIR AJG I IN H 



11 12 13 14 15 16 17 



18 



RIM 

Q 

19 



R 

20 



RNt ggt NNt tgt aRa gSt RNt cNS cNS cgt 

we. 

fc f f n i f t r (seq id no. 69) 

21 22 23 24 25 26 27 28 

tKS ttc ttc aac ate ttc acg cgt tec c tec -7 (SEQ ID NO. 67) 
3*-g tig lag aag tgc gca agggagg-5* (SEQ ID NO. 68) 
I MhJ t 

The Rail and Bsplfl sites found in the parental LAQ-K1 
<fisptay gene (Table 6) are not present in library KKF. 

There are 1,536,000 amino-acid sequences and 4,194304 DNA 
sequences, Met u and Lys l9 are not allowed in Library KKF. ' 
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SEQUENCE LISTING 
( 1 > GENERAL INFORMATION: 

(iii ) NUMBER OF SEQUENCES: 70 

< 2 ) INFORMATION FOR SEQ ID NO:l : 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS axdoo acids 
(B ) TYPE: amioo add 
( C > STRANDEDNESS: single 
( T> )TOPOLOOY: finer 

< « i )MCCBCW£TYPE: pro te» 

( i i )SBQOENCE DESC3UPTTON: SEQIDNK>): 

II* V,| Gly Gly Tht A»o Set Se, 
1 5 

( 2 )INJC4U4AT10NFORSEQIDNa2: 

< i ) SEQUENCE CHARACTERISTICS: 
i A ) LENG1H38 anmo adds 
< B ) TYPE: mono acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: bear 

< i i > MOLECULE TYPE: protein 

( x i )SBQUENCEDESCRJPTK)N:SEQONC>^ 
A,J „o A .p Pb . c. ,..„ 0| . pfo pg9 p ^ ^ 

A.. »M Ph. T„ A .. Ala lf . A1 . OIy _ c; . 

V.I tj , oly .„ cy . Ar8 Lyj A • o A> . „. Ly s ... A1 . 

45 

GU *!» ° yS Mcr A <* «r Cy. OJy Gly Ala 

J U 5 5 

( 2 )INJ=ORMATtWI^SEQIDNCk3: 

< « > SEQUENCE CHARACTERISTICS: 

< A )l£NGTH^8amaoacads 
( B ) TYPE: amino acid 
( C ) STJRANDEDNESS: single 
( D > TOPOLOGY: finer 

( » i ) MOLECULE TYPE: p 
< * « ) SEQUENCE DESCRIPTION: SEQ ID NOS: 

10 IS 
>... L y » A ,, Pb . Pht a , b ,, e A g c ^ C b 

2 5 3 0 

Pb« ,1. T,, .„ OIy c „ OI „ A _ a > A g p ^ 0 u ^ ^ 

*° 45 



5.795.865 

31 



32 

continued 



Clo Glo Cys lys Lys Met Cm Tbr Arg Asi 
50 55 

( 2 ) INFORMATION FOR SEQ JD NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTHS anm» arid* 
( B )TYP£: anojx> acid 
( C >STRANDEDNESS: 
< D ) TOPOLOGY: Ud 

< i » > MOLECULE TYPE: (total) 

< x i ) SEQUENCE DESCRIPTION; SEQ ID NO*: 

M«e Hi, Ser Pbe Cys AU Ph. Lys Ala Asp Asp Gly His Cys Lys Ala 



1 0 



1 5 



As* His Gli A 



rg Pbe Ph. Pbe As* lie Pbe Thr Arg Gl» Cys Glo Glo 



20 



2 5 



3 O 



Pbe Ser Tyr Gly Gly Cys Gly Gly A,. Ol. Asa Arg Pbe G,o Se, Lea 
35 40 45 

Oio Glu Cys Lys Lys Met Cys Tbr Arg Asp 
50 55 

( 2 ) INFORMATION FOR SEQ ID NOd5: 

( i ) SEQUENCE CHARACTERISTICS: 

< A >LENOTC58 amino acids 

< B )TYTC: amino acid • 

{ C ) STRANDEDNBSS: eagfe 

< D) TOPOLOGY: Bator 

( i t ) MOLECULE TYPE: protein 

( » i ) SEQUENCE DESCRIPTION: SEQ ID NCK5: 

Me. His Se, Pbe Cys Ala Pbe Lys AU Asp Asp Gly His Cys Lys Ala 

5 15 

Ser Leo Pro Axg Pbe Pbe Pbe Asa lie Pbe Tbr Arg ol. Cys Glo Glo 

20 25 30 

Pbe He Tyr Gly Gly Cys Glo Gly Asa OI. Asa Arg Pbe Glo Ser Leo 
35 40 45 

Glo Glo Cys Lys Lys Met Cys Tbr Arg Asp 
50 55 

( 2 ) INFORMATION FOft SIX) ID NO£t 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH5& anno acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESSc sicglc 
( D ) TOPOLOGY: nocar 

( i i ) MC4JBCTJU; TYPR prceem 

< X t ) SEQUENCE DESCRIPTION: SEQ ID NOtf: 

Met His Ser Pbe Cy, Ala Pbe Lys Ala Asp Asp Gly Pro Cys Lys Ala 

5 10 l5 

Asn His Leo Arg Pbe Pbe Pbe A». He Pbe Thr Arg Ol, Cy, Glo Glo 

20 25 30 

Pbe Ser Tyr Gly Gly Cys Gly Gly Asa Ola Asa A,g Pbe Glo Ser Leo 



40 



Glo Glo Cys Lys Lys Met Cys Tbr Arg Asp 
50 55 



i 2 ) INFORMATION FOR SEQ IDNOiT: 



5,795,865 

33 34 

-continued 



i i > SEQUENCE CHARACTERISTICS: 
( A ) LEh4GTH^8atDboacidj 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( 0 ) TOPOLOGY: 1 



( i i ) MOLECULE TYPE: protein 

I X i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Me, Hi* Ser Pbe Cys Ala Pbe Lys Ala Asp A,p Gly Hi, Cys Ly» Al 

5 " 0 15 

A,n His GU A, 8 Pbe Pbe Pbe A.» lie Pbe Tbr Arg Olo Cy. Glo 01 

20 25 30 

Pbe Tbr Tyr Oly Oiy Cp Gly Oly A » » Oln A,n Aig Pbe Olo Sec Le 
3 5 ♦ 0 4 5 

Glo Glo Cy* Lys Ly» Met Cy* Tbr Aig Asp 

5 0 55 

( 2 ) INFORMATION FOR SEQ ID NO& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS ammo acids 
( B ) TYPE: ammo acid 
( C ) STRANDEDNESS: ringfe 
i D ) TOPOLOGY: linear 

< * i ) MOLECULE TYPE: poteiA 

(x a ) SEQUENCE DESCRIPTION: SEQ ID NO& 



Met Hi, Ser Pbe Cya Al. Pbe Lys Ala Asp Asp Oly His 
1 5 JO 

Asn His Ola Aig Pbe Pbe Pbe Asi 



Cy 9 Lys Al 
1 5 



» * l * Pfc* Tbr Arg Oln Cys OIu Glo 

20 2 5 



3 0 



Pbe Tbr Tyr Oly Gly Cys Ala Gly Asn Gin Am Arg Pbe 



--B Pbe Olo Ser Leo 

3 3 4 a 



45 



Ola Olu Cys Lys Lys Met Cys Tbr Arg Am 
5 0 * s 



( 2 ) INFORMATION FOR SBQ ID NOA 

< i > SBQUENCE CHARACTERISTICS: 
( A ) LENGTH58 amo adds 
( B ) TYPE: annno acid 
( C ) STRANDEDNESS: s 
( D ) TOPOLOGY: fin 



( i i ) MOLECULE TYPE: protein 

( i i ) SEQUENCE DESCRIPTION: SBQ ID NO& 



Met His S 
1 

Ser L < 



cr Pbe Cy, Ala Pbe Lys Ala Asp Asp Gly Hi. Cys Ly, Ala 

5 »0 15 

* e ° Pt ° A I! PbC Ph * Phc A * D II * Tbr Arg Ola Cys Olo Glo 

10 25 30 

Pbe He Tyr Gly Oly Cys Oly Gly Asn Ola A.o Arg Pbe Olo Ser Leo 



45 



Olo Glo Cys Lys Ly, Met Cy, Tbr Arg Asp 



50 



( 2 >INJORMATlONFORSEQIDNO:l(): 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTffc58 amino acids 
( B ) TYPE: aromo acid 
( C ) STRANDEDNESS: single 



5 5 



5J95.865 

35 36 



. -continued 

( D ) TOPOLOGY;! 



( i i ) MOLECULE TYPE: f 
< * » ) SEQUENCE DESCRIPTION: SEQO NO:t(h 
•.. H i5 Se , Pbe c Ala pbe Lys AJa Asj> c ^ ^ ^ 



I 0 



1 5 



Aid His Ola Arg Pbe Pbe Pbe Asa 

2 0 



lie Pbe Tbr Arg Gin Cyt GJo GIu. 
2 5 » a 



Pb. S«, T,r Oty Oly Cy. G , y 6 ,, Asi O 1 . A.„ A J g ,> „ . 01 . Set Le0 



4 5 



Olu OI„ Cy, Lys Ly, Met Cy S Tbr Arg Asp 



< 2 ) INFORMATION FOR SEQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH58 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( 0)TOPOLOGY:] 



( i i ) MOLBCULE TYPE: pjoceiD 
( * i > SEQUENCE DESCRIPTION: SEQ ID NChll: 
Me, Hi, Set „. c A1 . phe Lyj A » p o, y Hi, c,. ly . A1 . 

* 10 » « 



Asa His Oil A 



*g Pbe Phe Pbe Asa lie Pbe Thx Ar 



2 0 



2 5 



B Oln Cys Ola Oil 
30 



Pbe S 



cx Tyr Oly Oly Cy, G,y Oly Am GIb Asn Arg Pbe G 1 * Ser Leo 

40 45 



Gto OId Cys Lys Ly , Met Cy* 



5 0 



( 2 ) INFORMATION FOR SBQ ID NO.12: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A )LENGm5Samuoaods 
( B )TYPE:«mK>icid 
(C)STRANDf 
( D) TOPOLOGY:! 



y* Tbr Arg Asp 

55 



( i i > MOLECULE rypRproteia 
{ X i ) SEQUENCE DESCRIPTION: SEQ ID NO-.I2: 
Met His Ser Pbe Cy, Ala Pbe Ly, A.. A, P Asp Gly Hi, Cy, Lys AI 



A s a His O ] 



Arg Phe Phe Pbe At it He Phe Thr Arg Ola 



2 5 



t 5 



Cys Gin O) 
30 



Pbe Ser Tyi Oly Gly Cys Oly Oly 



3 5 



40 



Asa GId Asa Arg Pbe GIu Sei Lei 
45 



©Jo Olo Cy» Lys Ly, Met Cy s Tbr Ar 



50 



< 2 ) INFORMATION ITOSBQn>hK>:13: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTHiSS amino acads 
( B ) TYPE: amiao acid 
< C ) STRANDEDNESS: smgte 
( D ) TOPOLOGY: linear 

( i i ) MOLBCULE TYPE: protein 



5 5 



B Asp 



( * i ) SEQUENCE DESCRIPTION: SEQ ID NO:13r 



37 
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38 



Met His Ser Pbe Cy 



As n His GU A 



s Ala Pbt Ly s Ala Asp A 



t B Pbe Phe Pbe A 
2 0 



Phe Ser Tyr Gly Oly Cys Gly Gly 

35 



Ola Glo Cy, Ly* Lys Met 

S 0 



*P Oly His Cys Ly, A 
1 5 

Glo G 

Set L 



so Me Pbe Tb r Arg OI o Cy * 



As n Gin Asa Arg Pbe Glo 
4 5 



Cys Tb r Arg Asp 

5 5 



( 2 ) INFORMATION FOR. SEQ ID NO: 14: 

( » } SEQUENCE CHARACTERISTICS: 
( A ) LENGTHSS mono acids 
( B ) TYPE: amoo and 
( C >STRANDEDNESS: single 
(D)TOPOLOOY:baesr 

< > > ) MOLECULE TYPE: protein 

< * i > SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
Met His Ser Pbe Cys 



Ala Pbe L 



J1 Ala A *P Asp Gly His Cy 



t 0 



Ala His Leo Axg Pbe Pb 



» L y s G I 
I 5 



* Pbe Asa lie Pbe Thr Arg Gl* 



Phe He Tyr Gly Oly Cys GIq Gl 



Cys Gl u O I 
30 



3 5 



y A s d G 



In Asa Arg Pbe Glu Ser Le 



4 5 



Glo Glo Cys Ly. Ly» Met Cys Tb r 
50 55 



Arg Asp 



( 2 ) INFORMATION FOR SEQ ID NO;15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENOT&58 asmoo adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D >TOPOLOOY: fine* 

< » * >MOLECUIJE TYPE: protein 

( x a ) SEQUENCE DESCRIPTION: SEQ ID NO:15 : 



Me t Hit S 
t 



«' Pb« C T . AI . p be Ly m A1 . A ., Alp oly Afg cy§ 

A.. ... t e. A,, , k . Phe „. Abo ... Ph . Tht Af , Cy . ^ ^ 

* 5 3 0 

». «.. Tj. o„ C„ o.. O., Asa o,. Ati Ar . Rhe olt 

*° 45 

Olo Glu C y, l,s Lys Met Cys Tb, Arg Asp 



( 2 ) INFORMATION FOR SEQ ID NO: 1 6: 

( i ) SEC^JENCE CHARACTERISTICS: 
( A ) LENG1H5S amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
(D ) TOPOLOGY: fines 

( » i ) MOLECULE TYPE: protem 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



Met His S 
1 

lie His L 



Pbe Cy. Ala Phe Ly, Ala Asp As 



Arg Phe Pbe Pbe As 



1 0 



a lie Pbe Tb 



P Oly Pro Cys Lys Ala 



I 5 



r Arg Ola Cys Glo Glo 



39 
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40 



" C " e T \l °" 0»» G lf A ft D Gt. Aso A„ P 

-* Aft 



be Gltt Sti Leu 
4 5 



Otu OJ u Cy s Lys Lys Me r 
5 0 



Cys Thi Arg Asp 

5 5 



( 2 ) INFORMATION FOR. SBQ ID NO 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTH58 amoo acute 
( B ) TYPE: amino arid 
( C > STRANDEDNESS: single 
( D >TOPOLOOY:hra 

( i i ) MOLECULE TYPE: proton 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 17; 



Met His S 
I 



*r ?he Cys Ala Pbe Lys Al 

5 



» Aip Asp Gly His Cys Lys Ala 
t 0 



I 5 



Asb His GId A 



tB Pbe P ttC Pbe At d lie Pbe Thr Ar 



2 3 



g G 1 a Cys Gin Gin 

3 0 



Pbe Ser Tyr Gly Oly Cys Gly Gl 



G 1 o Gl v C 
S 0 



40 

y» Lys Lys Met Cys Thr Atg Asp 

5 5 



y An Gla Asa Arg Pbe OIo 



Ser Leu 



< 2 ) INFORMATION FOft SEQ ID NO: 18: 



< r ) SEQUENCE CHARACTERISTICS: 
< A )LBNOTH304amroacids 
( B ) TYPE: aabo acid 
( C ) STRANDEDNESS: single 
( D ) T0P0LOOY: linear 

( i i ) MOLECULE TYPE: protein 

( i i ) SEQUENCE DESCRIPTION: SBQ ID NO: 1 8: 

Mel lie Tyr Tbr Met Lys Lys 



Val Bis Ala Leo Trp Ala Ser 



Leu Leo Leo Asa Leo Ala Pro Ala Pr 



2 0 

Asp Gin OH Hi. Tbr 
3 5 



2 5 



Val Cy i 
I 5 

o Leo Asa Al* Asp Ser O 1 » Oli 



Me lie Tbr Asp Tbr Gla Leo Pr 



40 



3 0 



o Pro Lea Lyi 



Leo Me* Hi, Ser Pbe Cy, Ala Pbe Lys Al. A ,p Asp 
Ala lie Met Lys Arg Pbe Pbe Pbe 



60 



45 



Gly Pro Cys Ly j 



6 5 



70 



A.o tie Phe Tbr Arg Ola Cys 

75 



OIo Phe lie Tyr Oly Gl 
8 5 



G I o 
8 O 



y Cy. OIo Oly Asa Gla Aso Arg Pbe Gl 

90 



o Ser 
9 5 



Leo Glo OIo Cys Ly, Lys Met Cya Tbr Arg Asp 
100 105 



Asa Ala A > a Arg lie 

1 t 0 



lie Lys Tbr Thr Leo Glo G1 B Glo Lys Pr 



1 1 5 



I 2 0 



O«o Asp p ro Gly He Cy. Arg Gly Tyr He Tbr 

l ■> V 11* 



I 3 5 



o Asp Pbe Cys Pbe Leo Glo 
1 2 5 

Arg Tyr Pbe Tyr Asa 
1 4 0 



Asa Gla Tbi Lys Gla Cys G 



1 45 



1 5 



* Glo Arg Pbe Lys Tyr Gly Gly Cys Leo O 
0 155 , 



Gly 
60 



Asa Met Aso Asa Phe Glo Tbr Le 



1 65 



o Glo OIo Cys Lys Asn lie Cys 



1 70 



G I Q 



1 7 5 



Asp Gly pro A 



»■ Gly Phe Glo V.| A , p Aso Xy , G|y Tfc , 0|- ^ ^ 
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-continued 



1 8 0 

Ala Val Asn Asn Scr Leu Thr Pr 



! S 5 



1 9 5 



2 0 0 



o Ola Ser Tbr Ly t V* I P r <> S er Lci 



2 0 5 



Pbe GId Pbe His Oly Pr 



210 *-° *?I TrP CyS L * U Tb ' Ala Asp Arg Cly 

2 2 0 

^| C„. A , 8 All Aln Asn A , e P he T ,, A „ Ser va , 

Ly» Cys Arg Pro Pbe Lys Tyr Scr 
2 4 5 

Pbe Tbr Ser Lys Ota G 1 u Cys L 



2 35 



2 4 0 



Gly Cys Gly Gly Asa Glu Asn 



2 50 



2 5 5 



2 6 0 



eu Axg Ala Cys Lys Lys OJy Pbe II 



2 65 



2 7 0 



2 75 ~ ftft iU ' ' 8 Lys Atg Lys 

**° 285 



Lys Ola A 



m Mi T - «- Me Pbe Va, Lys Asa Me r 



295 300 

< 2 ) INFORMATION FOR SEQ ID NO:t9: 

< i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS amino acids 
( B ) TYPE: aanao acid 
( C )STitANDEDNESS: angle 
( D > TOPOLOGY: Baear 

( i i ) MOLECULE TYPE: proteio 

( x i ) SEQUENCE DESCRIPTION: SEQ JO NOJ9: 

Me. His S.r P le Cy , A1 , , he t A1 , Alp C ly 0 ly Arg Cyi Atg oly 

10 . » 



3 0 



Ala Hi, Pro Arg Trp Pb c Phc Asn , |e 

20 2* C Tfct Ar * ° lD Cy« Glu GIi 

Phe Ser Tyr Gly Gly Cys Gly Cly As. 

Olo Olu C 7 s Lys Lys Me, Cys Tbr Axg As 

>U 55 



( 2 ) INFORMATION FOR SBQ ID NO^O: 

( » > SEQUENCE CHARACTER! STICSr 
( A > LENGTH58 anno ackb 
( B ) TYPE: amiDO acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( * i )MOi^CULETYPE:i»otcb 
( * i ) SEQUENCE DESCRIPTION: SBQ ID NO20: 
Met His 

j - - j a «.ia Asp OJy 



Pit Cys Ala Pbe Lys Ala Asp O ly or 



Ala Hi* P, 0 Arg Trp Phe Phe 



10 15 



A * ft Pb * Tb ' Arg Gin Cys Gin Gl, 

25 3 0 

Pbe Ser Tyr Oly Gly Cys Civ Olv a,* 

35 7 °;? A ' n 0la A$tt A '8 Pbe Oln Set Lei 

4 0 



4 5 

Olo Cy. Ly, Ly. Met Cys Tbr Arg A, P 

55 



50 



( 2 )WK)RMATK)NF0RSEQIT>NO^l: 

< * ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS amtao ackb 
( B ) TYPE.- amino acid 
( C ) STRANDEDNESS; single 
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l D > TOPOLOGY: fines 
( t i > MOLECULE TYPE: protein 
( * i ) SEQUENCE DESCRIPTION: SEQ ED NO:2l: 

Asp A»p Oly Pro Cys Aig Ala 



Met His Ser Phc Cy. Ala Pbe Lys Ala 
1 5 

Ala His Pro A 

Phc Sei Tyj Gly G 

3 5 

Glo OH Cys Lys Lys Met Cy. Tbr Arg 



!! Trp Pbc Fhe A ** »>* Tbx Arg Ol. C y» Olu GU 

20 " 30 

y Cy * ° l > G1 > A »» A.o A Ig Pbc GU Sc, Leo 

35 40 45 

Asp 



< 2 ) INFORMATION FOR SEQ ID NO-.22: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTHS & amino adds 

< B ) TYPE: amino acid 

< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Baear 

( a i ) MOLECULE TYPE: proteiB 

<* i ) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Me r Hi. Ser Pbc Cy. Ala Pbe Ly» A ] 



a A.p Asp Gly Pro Cyi Arg AIj 



Ala Hit Pro Arg Trp Pbc Pbe Abo 
2 0 



11c Pbe Tbr Arg Gin Cys Glo Glo 



2 5 



3 0 



Pbe Set Tyr Gly Ol, Cys Oly Oly As. Glo A. a Arg Pbe Olo Ser Leu 
35 40 45 

Oln Glo Cys Lys Lys Met Cys Tbr Arg Asp 



( 2 ) INFORMATION FOR SEQ ID NCh23: 

( » ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS amino acids 
( B > TYPE: amino acid 
( C > STRANDEDNESS: angle 
< D > TOPOLOGY: E 



( i s )M«^CULE TYPE: protein 

( x x ) SEQUENCE DESCRIPTION: SEQ ID NOt23: 

Me, Hi. Sex Pbe Cy. Ala Pbe Ly. Ala Asp Val Oly Arg Cys Arg Oly 

5 10 15 

Ala His Plo Arg Trp Phc Pbe A.o Me Pbe Tbr Arg Glo Cy. Olu Glo 

20 25 30 



Pbe Sc. Tyr Oly Oly Cy. Oly Oly Asa Olo Aso Arg Pbe 
35 *° 45 

Olo Olo Cys Lys Lys Met Cys Tbr Aig Asp 

50 Si 



Gin Ser L 



e o 



( 2 ) INFORMATION FOR SEQ ID NCh24: 

< i ) SEQUENCE CHARACTERISTICS: 
f A )LENOIH^ ansa* acids 
t B ) TYPE: amino a=id 
( C ) STRANDEDNESS: single 
(D)TOPOLOOY: fines 

< i i > MOLECULE TYPE: protein 



( * i ) SEQUENCE DESCRIPTION: SEQIDN034: 
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M., Hi, S., Pb. c,. A,. P„e Ly . Ala A , p Va , aly Afg Cy| Afg o 



I 

1 5 



Ala Glo Pro Arg Phe Pbe Pbe Asa 
20 



lie Pbe Tbr Arg Gin Cy« GIu Gl 



25 



3 0 



Pbe Ser Tyr GI, G,y Cys Gly Gly Asa Clo As» Ar 8 Pbe G Iu Ser 



L c 



Glo GIu Cys Lys Ly* Met Cys Thr Arg 
50 5 5 



A » p 



( 2 ) INFORMATION FOR SEQ ID NOCtS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTHS amiao acids 
( B ) TYPE: amino ackl 
( € ) STRANDEDNESS. single 
( D ) TOPOLOGY: linear 

< > i > KfOLECULE TYPE: fnteia 

<xi ) SEQUENCE DESCRIPTION: SEQ ID NOt25: 

M.. Hi , Ser Pbe c A1 , pbe tft Ala Sef Cy> 



Ala H 



- - *■ " - k ^ ' j o c r - v y s Aro 

5 10 I 5 

»» l» Arg T, P P„ e p he Al , ,, e pbl Tht A j g Glo Cjs Olo 0 , 

25 3 0 



St , rrt aly oly Cy , G|y OIy Aia oi> a a A g s 

40 45 
Ol. Olo C,. L y • L,, M, , C ,« Tbr A.g A . p 



< 2 ) INFORMATION FOR SEQ ID N036: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS amtao adds 
( B ) TYPE: annoo acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: bear 

< i i ) MOLECULE TYPE: protein 

< X i ) SEQUENCE DESCRIPTION: SEQ ID N036: 
Met Hi » s er p he Cyj A| 



» Ala Pb* Ly, A «. G 1„ G|y Q]y Sof Cys Afg ^ 



Ala Bis OIn Arg Tip Pbe Phe A.i II 



1 5 



■* *.p roc r*e A,. H« Pbe Tbr Arg Ola Cys Gto Glo 



2 5 

Pbe So, Tyr Oly Gly C y. Gly Gly Asa Ol* A ,« A r, 

40 45 

GlB Gl ° C * s L * 8 Mer Cys Tbr Arg Asp 

5 5 



3 0 



50 



( 2 > INFORMATION FOR SEQ ID N027: 

( i > SEQUENCE CHARACTERISTICS: 
f A ) LENGTH:58 ammo acids 
{ B ) TYPE: amao acid 
( C > STRANDEDNESS; single 
( D ) TOPOLOGY: linear 

< » t ) MOLBCXJUs TYP& pzoteia 

i » > ) SEQUENCE DESCRIPTION: SEQ ID N027: 

Met Hi, Ser Pbe Cys Ala Pbe Ly, Ala Asp Asp O 

5 1 0 

Ala His Leo Arg Phe Phe Pbe Aid 



lie Pbe Thr Arg Glo Cys Olo Oli 
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10 2 5 



*». Ty. 0, y O.y Cy. ot y G1 A „ 0lB A i a x, 8 olu Ser L 

4 5 

01. Olo Cy, Ly. L , . Me t Cy. Tbr Arg A.p 

* w 5 5 

( 2 ) INFORMATION FOR SEQ ID NO J»; 

< i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH J8 amino adds 
( B ) TYPE: amino acid 
< C ) STRANDEDNESS: single 
(D)TOPOLOGY:Knear 

( i i > MOLECULE TYPE: fiotem 

( X i > SEQUENCE DESCRIPTION: SEQ JD N028: 

M.. Hi . .„ P be c,, A|i phe Ly , a p ^ ^ Qi 

10 15 



Ala Leu Pro Arg Tip Phe Pbe A, 



20 



» Xle Pbe Tbr Arg Ola Cy * Olo Gl 
2 5 3 0 



Phe Ser Ty, oi, Oly C ys Oly Oly A ,» Ol, 

4 0 

Ola Ola Cys Ly, Ly S M c , Cy, Tbr Arg Ai 
50 5 5 



( 2 ) INFORMATION FOR SEQ ID N029: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTBU58 ammo acids 
. ( B ) TYPE: amino acid 

{ C ) STRANDEDNESS: siagle 
( I>) TOPOLOGY: Ibcar 

( i i ) MOLECULE TYPE: rxoteta 

( * i ) SEQUENCE DESCRIPTION; SEQ Q> NO-.29; 



"'I H " S " *" P " e L " A.P S.. o,y A ft a Cy, A, 8 O.y 

A.. .... P,„ a,. P be p ho Pbe Ala ... P b . Tbr Ar g O,. C y. o.. 

2 5 3 0 

P>. *«, Ty, O.y 01y Cy . OIy „, A „ OI> A 5 D A, 8 P t . Olo S„ L .. 

40 45 
Olo OU Cy, Ly. Ly Mc t C y 8 Tbr Arg A.p 

3 9 5 5 

< 2 ) INFORMATION FOR SEQ ID NO*30: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOmsS amino acids 
( B )TYPE: amino acid 
( C >STRANDEDNESS: nnj 
(D )TOPOLOOY:l 



( i t ) MOLECULE TYPE: protein 
( * i ) SEQUENCE DESCRIPTION: SEQ ID NO30: 
Me, Hi. Se, P be C y. A,. P be Ly , Ala A ,, s , t OJy Afg 

AS. Hi , O,. A, 8 P be p be Pbe A .. pbe Afg 

2S 30 



Pbe S«, Tyr Oly Ol, Cy . Gly C ly Asa Ola A.. A,, P „ . 

35 A. A 



Olo Ser Leo 
45 
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50 

-continued 



GIo Olo Cy, Lys Ly» Met Cys Tbr Arg Asp 

50 5 5 



< 2 ) INFORMATION FOR SEQ ID NO J I : 

< » > SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS amino acids 
( B ) TYPE; amino acid 
( C ) STRANDEDNESS: siogfe 
( D ) TOPOLOGY: l»e» 

( i i ) MOLECULE TYPE: protein 

( * i ) SEQUENCE DESCRIPTION: SEQ £D NOOl: 

M.| Hi. S., Cy . A I P„ e Ly . Ala A . p C]y oly Afg c ^ ^ 

10 

lie Gin P,o Arg Tip Pbe Pbe A * n 



J 5 



2 0 



Pbe Ser Tyr Oly Gly c 



2 5 

y* Gly Oly As n Gl a Asa 
4 0 



e Pbe Tbr Arg Ola Cy* OIu G!< 



3 0 



Glu G 1 d C 

50 



ys L,» Lys Met Cys Tbr Arg A* 



P 

55 



( 2 > INFORMATION FOR SEQ XD NO-J2: 

( « ) SEQUENCE CHARACTERISTICS: 
( A ) LENG1H5B amuio adds 
( B ) TYPE: aanua acid 
( C > STRANDEDNESS: single 
(D)TOPOLOOY:fiaear 

( * i ) MOLECULE TYPE: i 

< ■ * ) SEQUENCE DESCRIPnON: SEQ ED N032: 

Met His S«r Pbe C y» Ala Pbe Ly 



t 

Ala Hi» p 



5 10 



» Ala Asp Asp Oly Arg Cy» Arg Oly 

15 



to Arg Trp Pbe p h e As* 
2 0 



'ii A ' 8 Gl * Cy * Gl ° OI ' 



3 O 



Pbe Ser Tyr Gly Oly Cyi 



V* Gly Gly Asa Olo Asa Ar, 
40 



Ola Olo Cys Ly, L y , Met Cy, Tbr 

50 55 



( 2 ) INFORMATION FOR SEQ ID NO*J3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH38 amino acids 
( B > TYPE: amino acid 
( C ) STRANDEDNESS: sagfc 
( D )TOPOLOGY:fincar 

( " i ) MOLECULE TYPE: proteia 

( * i ) SEQ^ra DESCRIPTION: SEQ ED NO-33: 

Ly* Pro Asp Pbe Cys Pbe t c 



Arg Asp 



* Glo Clu Asp Pro Oly He C ys Arg Gly 



Tyr f !c Tbr Arg Tyr Pbe Tyr A 



10 15 



Pbe L 



.7. Tyr a,, a.. Ola Tb, l,, olB c. oto Ar8 

2 5 3 0 

T» Tyr Gly Oly Cys Let, Gly Asa Mel A, 

4 0 



Glu Glu Cy, Ly , A s d C ys Olo Asp Oly 

50 5 5 



< 2 ) INFORMATION FOR SEQ ID NOS4: 



51 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS* amino acids 
( B ) TYPE: amiao acid 
( C ) STRANDEDNESS: single 
(D>TOPOLOGY:fiM* 

( i i ) MOLECULE TYPE: prorcb 
i X i > SEQUENCE DESCRIPTION: SEQ tD N034: 
L»j P.o Asp P bc Cys Pbe Leo Ol. Ola Asp Giy Oly A,g Cys Axg Oly 



Ala His Pro A 



rg Trp Phc Tyr As. An Glo Tbr Lys 



y » Ola Cy» Glo Gl 

3 0 



Pbe Ser Tyr Oly Oly Cys Oly Oly a»o Mcr As. As. P be Glo Tbr Le, 

40 4 5 

Gin Oil, Cys Lys As* He Cys Gin Asp Oly 
50 5 5 

< 2 ) INTORMATION FOR SEQ IDNO-35: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH5S amino acids 
( B ) TYPE: ammo acid 
( C ) STRANDEDNESS: negfc 
( 0 ) TOPOLOGY: hnew 

( i i )MMJ5CULE TYPE: protein 

< x i > SEQUENCE DESCRIPTION: SEQID NO--3S: 

Oly F,. Sc. Trp Cy. L. 0 Tllr P , „ Al . Aip A , g G , y Leo Cy , ^ 

A,. Olo A.n A., P„. Tt , X,, A.. S., v., ,,, ol, L,» C,. Ax, P.o 



2 0 

Pbe Lys Tyr Sex Oly Cy. Oly Oly Asa 

3 5 



4 0 



Ola A s d As. Pbe Tbr Ser Lys 
4 5 



Gin Git, Cys Leo Arg Ala Cys Lys Lys Oly 



< 2 ) INFORMATION FOR SEQ ID 

< i ) SEQUENCE CHARACTERISTICS: 
(A )LENOm5$«w» acids 
( B ) TYPE: amno acid 
( C ) STRANDEDNESS: skgle 
( D ) TOPOLOGY: feev 

{ i i )MOLBOJl£TiTC:fn*n» 

( x i ) SBQUENCE DESCRIPTION: SEQ ID N036: 

Cly Pro Ser Trp Cys Lea Tbr Pro Ala Asp Asp Oly Pro Cy, Arg Al. 

5 1° 15 

Ala Bis Pro Arg Pbe T) 



20 



ryr Tyr Asa Ser Val Eke Oly Lys Cys Glo Pr, 



25 



3 0 



Pbe Scr Tyr Ser Oly C, s Oly Ol, As. Olo As. As. Pbe Tbr Ser Lya 
CI. GId Cy* Leo Arg Ala Cys Lys Lys Oly 



50 



( 2 ) INPORMATION FOR SEQ ID NO*37: 

( i > SEQUENCE CHARACTERISTICS: 
i A ) LENGT058 amino adds 
( B ) TYPE: amiso acid 
< C ) STRANDEDNESS: sagk 



5 5 



5J95.865 
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-conti nued 

( D ) TOPOLOGY: linear " " 



( i i ) MOLECULE TYPE: protein 

( * « ) SEQUENCE DESCRIPTION: SEQ ID N037: 

Glo Thr Asp lie Cys Lys Leo Pr 
1 5 

Pbe ile Leo Lys Trp Tyi T yr A 5j 



o Lys Asp Glu Gly Tbr Cys Arg Asp 
10 , , 



to jr Asp Pro Aso Thr Ly, Set Cys Ala Ar, 



Pbe Tr P Tyr Gly Oly Cys Oly Gly Asa 
3 5 4 0 

Lys Glo Cy, GIo Lys VaJ Cys Ala Pro 



50 



t 2 ) INFORMATION FOR SEQ ID NO-38: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTHiSft aano acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: sm&c 
( D )TOPOLOGY:E 



GIo Aso Lys Pbe Gly Set Gin 
4 5 

Va 1 



5 5 



( i » ) MOLECULE TYPE: protein 

< * i ) SEQUENCE DESCRIPTION: SEQ ID NCK58: 

T>, A . f )Ie CJ . Lys Le „ Lyj A » p G.„ O ly Tbr Cy , Al , At , 



Ala His Leo Lys Trp Tyr Tyr Asp 



Phc Ser Tyr Gly Gly Cys Oly Oly 

3 5 A 



10 l5 

Pro Asn Tbr Lys Ser Cys Ala Oh 

2 5 - n 



Aso GU Aso Lys Pbe Gly Ser OIb 
4 5 



lM °'° C " G1 ° Lys Val Cy Al a Pro Va 1 

5 0 m m 



( 2 ) INFORMATION FOR SEQ ID NO-39; 



( i ) SEQUENCE CHARACTERISTICS: 
( A )L£NGTH5&amiao acids 
( B > TYPE: amino acid 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: linear 

< i i )MOi£CUl£TYPE:proC£ia 

( * x ) SEQUENCE DESCJUPTION: SEQ ID N039: 



Asa Ala Glo lie Cys L 
1 5 

Leo Leo L 



eo Arg Tyr Tyr T 
20 



co Leu Pro Leo Asp Tyr Gly Pro Cys Arg Ala 
10 |5 

Asp Arg Tyr Tbr G 1 „ 5cr Cys Arg Gin 



2 5 



3 0 



T 3 y J °» C " °'» *" A ,„ A> , p he Tyr Tbr Trp 

40 45 



Glu Ala Cy. Asp Asp Ala Cys Tr 



50 



55 



P Arg lie 



( 2 ) INFORMATION FOR SEQID NO»0: 

( • ) SEQUENCE CHARACTERISTICS: 
< A )LEN<nHi58 antacids 
( D ) TYPE: amino acid 
( C > STRANDEDNESS: single 
( D) TOPOLOGY: fiocar 

( * ■ )MOf^CULETYPE:fjrotein 

( x » ) SEQUENCE DESCRIPTION: SBQ ID NO;40: 
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Asn Ala Olo lie Cys Leo Leo Pro Leu Asp Gly Gly Pro Cy $ Arg Ala 

I 5 10 15 

Ala His Leu Arg Tyr Tyi Tyi Asp Arg Tyr Thr Ola Ser Cy* Olo GLn 

2 0 2 5 3 0 

Pbe Str Tyr Gly Gly Cy» Olo Oly Asa Ala Asa Ail Phe Tyr Thi Trp 

3 5 40 4 5 

Glu Ala Cys Asp Asp Ala Cys Trp Arg lie 



( 2 ) INFORMATION FOR SBQ ID NO.41: 

( i ) SEQUENCE CHARACTERISTICS: 

< A > LENGTHS I amino acids 
( B ) TYPE: amino acid 

< C > STRANDEDNESS: singk 
( D > TOPOLOGY: tinear 

( i i ) MOLECULE TYPE: prctcii> 

(it) SEQUENCE DESCRIPTION: SEQ ID NOvU: 

Val Pro Lys Val Cy* Arg Leo Gin Val Sor Val Asp Asp Gin Cys Olo 
15 10 15 

Oly Ser Tbr Olo Lys Tyr Phe Phe Asn Leo Ser Ser Met Thr Cys Gto 
2 0 2 5 3 0 

Lys Phe Pbe Ser Oly Oly Cys His Arg Asa Aig lie Olo Asn Arg Pbe 
35 40 45 

Pro Asp Olo Ala Thr Cys Met Gly Pbe Cys Ala Pro Lys 
50 5 5 60 

< 2 )INP0RMATK>NPORSBQIDNO:«: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTH&l joano acids 
( B ) TYPE: amoo acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Eatar 

( i i ) MOLECULE TYPE: protein 

( I i ) SEQUENCE DESCRIPTION: SEQ ID NO:42: 

Val Pro Lys Val Cys Arg Leo Oln Val Set Val Asp Asp Ola Cys Arg 
1 5 10 15 

Ala Ala Bis Pro Lys Tyi Pbe Phe Aid Leo Scr Ser Met Thr Cys OU 

2 0 2 5 3 0 

Olo Phe Pbe Ser Oly Oly Cys Bis Arg Asa Arg Me Glu Asn Arg Pbe 
3 5 40 4 5 

Pro Asp Ola Ala Tbr Cys Met Oly Pbe Cys Ala Pro Lys 
50 5 5 60 

< 2 )WP0RMATION FOR SBQIDNOrt3: 

< s ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH-JS aniao acids 
( B ) TYPE: amino acid 
(C ) STRANDEDNESS: single 
( D ) TOPOLOGY: finest 

( i i ) MOLECULE TYPE: protein 

< x i > SEQUENCE DESCRIPTION: SEQ ID NCfc43: 

lie Pro Ser Pbe Cys Tyr Ser Pro Lys Asp Olo Gly Leo Cys Ser Ala 
15 10 15 



Asn Val Tbr Arg Tyr Tyr Pbe Asn Pro Arg Tyr Arg Thr Cys Asp Ala 
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20 2 5 3 0 

Pbe Thr Tyr Tbr Gly Cys CI, Oly As. Asp Aid Asn Pbe Val Ser Arg 
3 5 4 0 4 5 

OIu Asp Cys Lys Arg Ala Cys Ata Lys Ala 
50 55 

I 2 ) INFORMATION FOR SEQ ID NO:44; 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH:58 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
(D)TOP0iXM3V:K»eat 

< i i ) MOLECULE TYPE: protean 

{ * i ) SEQUENCE DESCRIPTION: SEQ ID NO*4: 

lie Pro Ser Pbe Cyi Tyr Ser Pro Lys Asp OId Oly His Cys Atg Ala 
1 5 10 , 5 

Ala His'Ol. Arg Tyr Tyr Pbe Asa Pro Arg Tyr Arg Thr Cys Asp Ala 
20 25 30 

Pbe Thr Tyr Tbr Gly Cys Gly Oly Aso Asp Asn Asn Pbe Val Ser Arg 
35 * 0 45 

Gin Asp Cys Lys Arg Ala Cys Ala Lys Ala 
5 0 5 5 

( 2 ) INFORMATION FOR SBQ ID NO?i5: 

( i )SEO^NCE CHARACTERISTICS: 
( A ) LENGTHS amino adds 
( B ) TYPE: amino acid 
( C ) STRANDE 
( D ) TOPOLOGY: I 



( i i )bfOLeCULETYPE:pnceia 

( * i ) SEQUENCE DESOUPTfON: SEQ ID NO:45: 

Lys Olu Asp Ser Cys GU Leo Gly Tyr Ser Ala Oly Pro Cys Met Gly 
1 5 l0 |5 

Met Tbr Ser Arg Tyr Pbe Tyr Asn Gly Thr Ser Met Ala Cys Glo Tbr 

2 0 2 5 



Pbe Gin Tyr Gly Gly Cys Met Gly Asn Gly Asn As 



3 5 



4 0 



30 



a Pbe Val Tbr Gl< 



Lys OIo Cys Leo Gin Tbr Cys Axg Tbr Val 
50 55 



( 2 ) INFORMATION FOR SEQ ID NO*6r 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH amiao adds 
( B ) TYPE: amino acid 
< C ) STRANDEDNESS: single 
( E> ) TOPOLOGY: Saear 

< i i ) MOLECULE TYPE: protein. 

< x t ) SEQUENCE DESCRIPTION: SEQ CD NOvl6: 
Lys Ola Asp Ser Cys Glo Leo Gly Tyr Asp Ala Gly P» 



t 5 



o Cys Arg OJy 



10 15 



Ala His Pro Arg Tyr Pbe Tyr Asa Oly Tbr Ser Met Ala Cys OIo Thr 
20 30 

Pbe Scr Tyr Gly Gly Cys Gly Gly Asn Gly Aso An Pbe Val Tbr Glo 

35 *0 45 



5,795.865 

-continued 



Lys Gtu Cyj Leo Gin Tor Cys Arg Thr Val 

5 0 5 5 

f 2 > INFORMATION FOR SEQ ID NCfc47: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS mmoo acids 
( B )TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

C X » ) SBQUENCE DESCRIPTION: SBQ tt> NO:47: 

Xhr Val Ala Ala C,i Asa Leo Pro lie Val Arg Gly Pro Cys Arg Ala 

Pbe lie Gl, Leo Trp Ala Pbe Asp Ala Vat Lys Gly Ly, Cys Val Lea 
20 25 



3 0 

, c - -y* Pbe Tyr Ser GIo 

3 5 an 



Pbe Pro Tyr Gly Gly Cys OIb Gly Asa Gly Asa Lys Phe 

4 5 

Ly* Olo Cys Arg GIo Tyi Cys Gly Val Pro 
50 55 

( 2 ) INFORMATION FOR SBQ ID NO:4&: 

( i ) SBQUENCE CHARACTERISTICS: 
( A )l£NOTH58aR&aoacals 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: fines 

( i i ) MOLECULE TYPE: protein 

( » i ) SEQUENCE DESCRIPTION; SEQ ID NO:48: 

Tbr Val Ala Ala Cya As. Leo P,o He Asp Asp Gly Pro Cys Ara Ala 

Ala His Gin Leo Trp Ala Phe Asp Ala Val Ly. Oiy Ly. Cys OI, Olo 



2 0 



2 5 



3 0 



Pbe Ser Tyr Gly Gly Cys GIo Gly As. Ol, As. Ly, Pbe Tyr Se, Olo 
35 40 4J 

Lys GIo Cys Arg GIo Tyr Cys Gly Va| Pro- 
50 55 

< 2 ) ^FORMATION FOR SEQ ID NO:49: 

( i ) SEQUENCE CHARACTEWSTICS: 
( A > LENGTHJa amino acids 
( B )TyPEr«niaoackl 
( C )STRAKDEDNESS: single 
(D ) TOPOLOGY:] 



< t i ) MOLECULE TYPE: protein 

< x i ) SEQUENCE DESCRIPTION: SBQ ED NO*9: 

Thr Val Ala Ala Cys As. Leo Pro lie Asp Asp Gly Pro Cys A,, Ala 

15 *0 15 

Ala Bis Olo Arg Tr P Ala Phe Asp Ala Val Lys Gly Lyr Cys GIo Olo 

20 25 30 

Pbe Ser Tyr Gly Oly Cys Olo Gly Aso Gly Aso Lys Pbe Tyr Ser GIo 
3 5 4 a 



45 



Lys GIo Cys Arg GIo Tyr Cys Gly Val Pro 

50 55 



( 2 ) INFORMATION FOR SBQ ID NChSO: 
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< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH38 amino acids 

< B ) TYPE: amino acid 

( C ) STRANDEDNESS: single 

< D ) TOPOLOGY; lino* 

( i i ) MCCECULE TYPE: proicb 

( a i ) SEQUENCE DESCRIPTION: SEQ ID NO-JO: 

V.I A, g 0, O V,, c,. Sc. G ,„ <,,. A1 . oi. Tor Pro CyS A, 8 Ala 

5 10 15 

Me, ,,a Ser A , Tlp T , f „ he Atp l ^ c ^ a ^ ^ 



2 S 

Pbe Pb, T,r OI, o, y cy, o.y Ol, Aid a. 8 A , „ A s n P b . A , „ Th, o . „ 



4 5 



Olo Tyr Cys Met Ala Val Cy» 



5 0 5 5 



( 2 ) INFORMATION FOR SEQ ID NCfcSl: 



( « > SEQUENCE CHARACTERISTICS: 
( A )LENGIH5*aiaBo acids 

< B ) TYPE: amino acid 

( C ) STRANDEDNESS: single 

< D> ) TOPOLOGY: linear 

( i i >MOLECXJl£TYPE:[xo«tia 

( * i ) SEQUENCE DESCRIPTION: SEQ ID N031: 

V.« Arg Olu V.L C y, Ser CI. Ola Ala Gin Tar O.y Pro Cy, A,g Ala 

5 10 15 

Ala His Pro Arg Tip Tyr Phe Asp V* 

2 5 



20 ' " * r " ° 1 Tbr Oly Ly» Cy* Olu Glo 

30 

PBe Scr Tyr Cy Oty Cys O.y Oly Asa Arg As. As. Pb , A ,p Tbr Oio 



40 



4 5 



Olo Tyr Cys Met AI* Val Cy. Oly Ser Ala 



50 55 



( 2 ) INFORMATION FOR SEQ ID NCh52: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGIH58 amino adds 
( B >TYPE: ammo acid 
( C > STRANDEDNESS: single 
( D ) TOPOLOGY: finear 



< i i ) MOLECULE TYPE: proteiD 
( * i ) SEQUENCE DESCRIPTION: SEQ ID N032: 
X.a X.. X.a X.. C, X.. X.. X.. Xaa X.. X.. O,, X.a C,, X.a X.a 



Xa. X.. X.a X.. X.. X., X.. X.a X.. X.. X. . X.a X.a C,a X.a X.a 

2 5 30 
X.a X.a X.a «,, Cy , X.a Xa. X., X.a X.. X.a Xa. X.a X.. X.a 



4 0 



Xaa X,. Cys Xaa Xa. Xaa Cy. Xaa Xa. Xa. 



50 55 



< 2 ) INFORMATION FOR SEQ ID NOS3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A )UENGT&58 mamaaSs 
( B )TYpB:annaoacid 
( C ) STRANDEDNESS: single 
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( D > TOPOLOGY: linear " ™ 



( i t ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ U) N033: 

Leo Pro Asd Val Cys Ala Pbe Pto 
1 5 



Met G 1 



n Ly* Gly Pro Cy, Glo Thr 

10 J5 



Tyr Met Thr Arg Tip Pb « p b e Asn Pb 

2 5 



20 ^ 010 Tbr Oly Glo Cy. Glu Lei 



Pbe Ala Tyr Oly Oly C y, Gly Gly Asn 
35 , rt 



3 O 

Ser Asn Asa Pbe Leo Arg Lys 
4 5 



GU L '» C *» G1 » Ly* Pbe Cy, Ly» Pbe Thr 

( 2 ) INFORMATION FOR SEQ ID N054: 

( * ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH38 amino add* 
( B ) TYPE: anino acid 
( C ) STRANDEDNESS: single 
( D) TOPOLOGY: finear 

( i i ) MOLECULE TYPE; protein 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NCn54: 
Le, Pxo Asd v., c„. A.. rb . , fQ Met Olo A>p 0 , y Arg Ala 

5 10 15 

At. Hi. P.. a,, T.p P b . p be a,. P b « o.. Tb, O.y OI, C,. «|. o , „ 



2 5 

Pbe Ala Tyr Gly Ol, Cy. Gly Ol, Afttt Ser A.n A,, 

40 

Olo Ly. Cy* Glo Ly, Pbe Cy* Ly. Pbe Thr 
50 « » 



( 2 ) INFORMATION FOR SBQ ID N055: 

( i > SEQUENCE CHARACTERISTICS: 
< A >LENOTa58 mboo ackfa 
( B )TYPE:mxxbo*£v! 
( C ) STRANDEDNESS: oin^ 
(D)TOPOLOOY:I 



3 0 



45 



< i i ) MOLECULE TYPE: proteia 
( X i )SEQWCTDESOUPIK)N:SBQIDN055: 
Arg Pro Asp Pbe Cys Lea Glo Pro Pr 



o Glo Thr Gly Pro Cy. Arg At* 
10 



Ala Hit Pro Arg Tyr Pbe Tyr 
20 



A » d Ala 
2 5 



I 5 

Ly. Ata Gly Leo Cys Glo GIi 
30 



Phe Val Tyr Gly Oly Cys Gly Ala Ly, Arg As. Asn Pb 
3 5 4 0 4 

Olo Asp Cys Met Arg Thr Cy . Gly Gly Ala 



* Ly s Ser At; 
5 



< 2 ) INFORMATION FOR SEQ ID N056: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTB:186 bases 
< B ) TYPE: nockfc acid 
{ C" ) STRANDEDNESS: sm^e 
{ D ) TOPOLOGY: finear 

( i i ) MOLECULE TYPExuber nockk acid 

( A > DESCRJTPTIONayiBDCOc DNA 
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i * * > SEQUENCE DESCRIPTION: SEQ CD NCh56: 

GCCOAOATGC ATTCCTTCTG COCCTTCAAC OCTGATGATG GTCNTTOTAA 

AOSTNNTNNS NNGCOTTTCT TCTTCAACAT CTTCACGCGT CAOTOCSAGS 

AATTCMNSTA COOTCGTTOT NNSGGTAACC AOAACCOOTT CGAATCTCTA , 50 

GAGGAATGTA AG A AG ATGTG CACTCGTGAC GOCGCC I86 



5 0 
1 0 0 



( 2 ) [NFDRMAnON FOR SEQ ID NO.57: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS amino acfc 
( B ) TYPE; amino acid 
( C ) STRANDEDNESS: 
( D > TOPOLOGY: linear 

( i i ) MOLECULE TYPE: 

< * i ) SEQUENCE DESCRIPTION: SEQ ID NCh57: 

Ala Glo Me, Hi. Se, Pbe Cy, Ala Pbc Lys Ala Asp Asp G,y Xaa Cys 

5 10 3 5 

Lys Xaa Xaa Xaa Xaa Arg Pbc Phe Pbc Asa He Pbe Tbr Arg Gin Cy, 



2 5 



3 0 



Xaa Xaa Pbe Xaa Tyi Gly Gly Cys Xaa 



Gly Asa Gin Asa Arg Phe GI 



L H ° ,D OI ° C *» Mer Cy. Tbr Arg A.p Gly Ala 



5 5 



6 0 



( 2 )INPORMAnCWFC«SBQII>NCh58: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH* amaoackb 
( B ) TYPE: annno acid 
( C ) STRANDEDNESS: fringfe 
( D ) TOPOLOGY: finear 

( i i > MOLECULE TYPE: j»ocon 

(x i ) SEQUENCE DESCRIPTION: SEQ ID N038: 

L J * Arg Pro Arg 
I 

( 2 > INFORMATION FDR SEQ ID NOdfe 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH:13 bases 
(B ) TYPE: oocloc add 
( C ) STRANDEDNESS: nqgle 
(D) TGPOLOGY; linear 

( i t ) MOLECULE TYPEwAer noefcic acid 

< A ) DESCRIPTtON^yttbetic DNA fragment 

t* * i ) SEQUENCE DESCRIPTION: SEQ ID ND59: 

AAAAOGCCTC GAG 

t 3 

( 2 ) INFORMATION FOR SEQ ID NOAh 

< » ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH:! 4 amino adds 
( B ) TYPE; amino acid 
{ C ) STRANDEDNESS: single 
(D >TOPOLOGY:nncaT 

( i i ) MOLECULE TYPE: protein 



( x i ) SEQUENCE DESCRIPTION: SEQ ID HOMk 
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Lys Arg Olu Ala Ala Glu Pro Trp G 1 y Ala Xaa Xaa Lea Olu 
1 5 10 



( 2 > INFORMATION FOR SEQ ID NOtfl: 

( i ) SEQUENCE CHARACTERISTICS: 
I A ) LENGTHS bases 
( B ) TYPE: upclck acid 
( C ) STRANDEDNESS: single 
<D)T0P0L0OY:&w 

( i i ) MOLECULE TYPE**btr nockic acid 

( A ) DESCRIPTlON^y atactic DNAfragmo* 

< r i > SEQUENCE DESCRIPTION: SEQ ID NO#l : 

AAAAGGOAAG COOCCOAGCC ATCOGOCGCC TAATAOCTCO AO 4 2 



( 2 ) INFORMATION FOR SEQ ID NOt62: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS sxdoo adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: lineai 

( i i ) MOLECULE TYPE: proton 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO*»: 

Lys Arg Olo Ala Ala OU Met Bis Ser Phe Cy » Ala Pb c Ly I Ala Asp 
I 5 10 15 

Alp © I y Pio Cys Lys Ala lie Mel Lys Arg Pbe Pbe Pbc Asd I 1 « Pbe 
2 0 25 3 0 

Tbr Arg Olo Cys Glu Gin Phe lie Tyi Oly Oly Cys CI o 01 y Asa Olo 
3 5 40 4 5 

Asa Arg Pbe Olo Sex Leo Glu Glu Cys Lys Lys Met Cys Tbi Arg Asp 
5 0 5 5 6 0 

Oly Ala 

65 



{ 2 ) INP0RMATION FOR. SEQ ID NO£3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH310 bases 

< a ) TYPE: mclek add 

< C ) STRANDEDNESS: ttagfe 
( D )TOPOLOOY:fiacar 

( i i > MOLECULE TYPExdwr nucleic acid 

( A ) DESCRIPTJC^syixnetk: DNA fragment 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NOtfD: 



AAAACOOAAG 


CGOCCOAGAT 


GCATTCCTTC 


TGCGCTTTC A 


AAOCTOATGA 


5 0 


COOTCCOTOT 


AAAGCTATCA 


TOAAACGTTT 


CTTCTTCAAC 


ATTTTCACGC 


1 0 0 


GTCAOTGCOA 


OGAATTCATT 


TACGOTGGTT 


GTOAAOGTAA 


CC AGAACCGO 


1 5 0 


TTCOAATCTC 


TAOAGGAATG 


TAAGAAGATO 


TOCACTCOTG 


ACGOCOCCTA 


2 0 0 


ATAOCTCOAO 










2 I 0 



( 2 ) INFORMATION FOR SEQ ID NOrf* 

( i > SBQUENCB CHARACTERISTICS: 
( A ) LENGTUL5S axxino adds 
< B ) TYPE: amino acid 
( C ) STRANDEDNESS: singfe 
( D > TOPOLOGY: linear 
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( * t ) MOLECULE TYPE; protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO£4: 



Me t H 



i s Scr Phe C M Ala Pbe Lys Ala Ai 

i a 



1 q " "*P A *P c »y His Cys Ala AI 



5 

Asa His Gin Are Phc Pbe Pb 
2 0 



I 5 



* Aso lie Pbe Thr Arg Ola Cys G I u G| 

2 5 - ft 



Pb. Se , T ,r Ol, Gly Cy, C1 y Gly As. Ol. A.. A, 8 P k 

4 0 4 



e Gin Set Lei 
5 



Arg Asp 



Glo Glo Cys Lys Lyi Met Cys Thr 
5 0 5 5 

( 2 ) INFORMATION FOR SEQ ID NOtf5: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS* amino acids 
( B ) TYPE: amiDO acid 
( C ) STRANDEDNESS: smgfc 
( D ) TOPOLOGY: Boear 

( * i ) MOLECULE TYPE: (robin 

( x a ) SEQUENCE DESCRIPTION: SEQ ID NO£5: 

"'I S " "'J ^ A.p O,, O,, cy. Al , o,y 

3 10 7 



1 5 



Ala His Pro Arg Tip Pbe Pbe 
2 0 



As« He Pbe Thr Atg Gin Cys Glo OI» 
25 3 0 



Ser Xyr C.y Gly Cys Gly Gly A,. Gin Asa Arg Pbe o.. Ser Leo 

40 45 

G1 ° Gltt Cys Me, Cys Tbr Arg Asp 

55 



50 



< 2 ) INFORMATION FOR SEQ ID NOrffc 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTHS Wx» acids 
( B ) TYPE.- amiso acid 
( C ) STRANDEDNESS: angle 
CD ) TOPOLOGY: fincar 

( i i )MOLBCOLE TYPE: prolan 

(*i ) SEQUENCE DESCRIPTION: SEQ ED NO*6: 

Met His Ser Pbe Cvs Ala i> h T it 

^ oe tys Ala Phc Lys Ala Asp Asp Gly P, 



Ala His Pro Arg Tip Pbe Ph< 
2 0 



© Cys Ser Al. 

10 |5 

Asa He Ph e Tbr A,g Ola Cys Glo Ol, 

25 3 0 



Ser Xyr Gly Gly Cys OI , 0 , Asa Glo Asa Arg P bc ol . Ser Lco 

*° 4 5 

Olo Glu Cy, Lys Lys Me. Cy, Tbr Arg A ,p 

>0 55 

( 2 )INP0RMATlONPC)RSBQIDNCh67: 

< i ) SEQUENCE CHA1UCTER1STICS: 
( A ) LENGTHS? bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: finear 

( * » ) MOLECULE TYPEmber noefck acid 

< A )D6SCRIPTtON:syrtbctic DNA fragment 



< * » ) SEQUENCE DESCRIPTION: SEQ ID NOtf7: 
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CCTCCTATOC ATTCCTTCTO COCCTTCAAO OCTR ASRNTO OTNNTTOTAR 77" 
AOSTRNTCNS CNSCGTTKST TCTTCAACAT CTTCACGCGT TCCCTCC 97 

( 2 ) INFORMATION FOR SEQ ID NO.-68: 

( i > SEQUENCE CHARACTERISTICS: 

< A ) LENGTHS? bases 
( B )TYPR oockk had 

< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: &aear 

f i i >MOLECVl^TTPExdw t mckk a cid 

< A ) DESCRIPnCWsyirfKtic DNA ha&D** ' 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO^S: 
OG AGOG A A CO CGTOAAGATG T TO 

2 3 

< 2 ) INFORMATION FOR SEQ ID N0^59: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTH28 amino adds 
( B ) TYPE: amiao arid 
( C ) STRANDEDNESS: omgb 
(D)TOPOLOOY:lbear 

( i i ) MCHLECUX£ TYPE: pr oteia 

* * * ) SEQUENCE DESCRIPTION; SEQ ID NCfc69: 

M.. His S., Pb. C,. A,. Pb. Ly , A,. X.. X.. Ol, X.. C„ X.. X. 



t o 

Xaa Xaa Xa. Atg Xaa Pbe Phc A. a IJe Pbc Tbi Ara 

20 25 

{ 2 ) INFORMATION FOR SEQ ID NOrTO: 

< i ) SEQUENCE CHARACTJERISTICS: 
( A ) LENGTHS anm>ackb 
( B >TYPE:amb»*ad 
( C ) STRANDEDNESS: eagle 
( D ) TOPOLOGY: Kaear 

( i i ) MOLECULE TYPE: pejode 

{ » i ) SEQUENCE DESCRIPTION: SEQ ID NOfJOi 

Ola Ala Ala GIb 
I 4 



I 5 



We claim: 

1. A fcallifcrein inhibiting protein which coinprises a 
non-naturally naturally occurring Kunitz domain, wherein, 
at each of the residues of said domain corresponding to the 
below identified residues of BP1X one of the following 
allowed amino acids is found: 



30 



BPTI 
residue # 



10 
11 



12 



13 



Allowed Amino Acid 



Asp,Glu,Ala,Gly,Sei,Ttir 
Asp, Gly, Sex, Val, Gtu, Leo, 
Mct,Asn,Be,Ala, Tltr 
Cry, and, if residue 14 or 38 
is oot Cys, any conservative or 
scnu-oonserYBtivc substitution 
for a "DonraP coufotmatioD Gly 
as defined in Table 9 
Arg, His, Pro, Asn, Ser, Thr, 
Ala, Gty, Lys, Gin 
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BPTI 




residue # 


Allowed Amino Acid 


14 


Cys, and, if residue 38 is not 




Cys, any conservative or semi' 




conservative substitution for 


15 


Cys 


Arg, Lys, Ala, Ser, Gly, Met, 




Asn, Gm 


16 


Ala, Gly, Set; Asp, Asn 


17 


Ah, Asa, Ser, Be, Gry, %|, 




Gfa^Hr 


18 


His, Leu, Gin, Ala 


19 


Pro, Gin, Leu, Asn, Be 


20 


Arg, Leu, Ala, Ser, Lys, Gin, 




VaJ 


21 


Trp t Phe,Tyr,His,Be 


31 


Ghi, Asp, Gin, Asn, So; Ala, 


32 


Val, Leu, Be, Hr 


Gkt, Gin, Asp, Asa, Pro, Thr, 
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BPTl 
residue # 



Allowed Amino Acid 



BPTl 

residue # 



Allowed Amino Acid 



33 
34 

35 
36 
37 



38 



39 



Leu, Scr, Ala, Gly, Val 
Phe,Tyr 

Ser, Thr, Be, Vat, Ala, Asn. 
Gly, Leu 
Tyr. Tip, Pbe 
Gly, Ser, Ala 

Gly, and, if residue 14 or 38 
is not Cys, any conservative or 
semi-conservative substitution 
for a "normal'* conformation Gry 
as defined in Table 9 
Cys, and, if residue 14 is not 
Cys, any conservative or semi- 
conservative substitution for 
Cys 

Gry, Ghi, Ala, Ser, Asp. 



38 Cys, and, if residue 
corresponding to position 14 is 
not Cys, any conservative or 
semi-conservative substitution 

39 Gry, Ghi, Ala. 



10 



6. The protein of claim 2 wherein, the Kunitz domain is 
further characterized as follows: 



2. A method of treating a disorder attributable to excessive 
kallikrein activity which comprises administering, to a 
human or animal subject who would benefit therefrom, a 
kailikrein-inhibitory amount of the protein of claim I. 

3. A method of assaying for the presence of kallikrein in 
a sample which method comprises: providing the protein of 
claim 1 in labeled or insolubilized form, contacting said 
protein with said sample, and determining whether a com- 
plex of said protein and kallikrein in the sample is formed. 

4. A method of purifying kallikrein from a mixture which 
comprises: providing the protein of claim 1 in insolubilized 
form, and contacting the mixture with said insolubilized 
protein so that kallikrein in die mixture is bound. 

5. A kallikrein inhibiting protein which comprises a 
non-naturally occurring Kunitz domain, wherein, at each of 
the residues corresponding to the below identified residues, 
one of the following allowed amino acids is found: 



15 



20 



BFn 




Residue No. 


Allowed Residue 


10 


Asp, Ghi 


11 


Asp, Gry, Ser, Val 


12 


Gry 


14 


Cys 


20 


At* 


36 


Gry 


37 


Gry 


38 


Cys. 



25 



30 



35 



BPTl 



Allowed Amino Acid 



10 
11 

12 



13 
14 



15 
16 
17 
18 
19 
20 

21 
31 
32 
33 
34 
35 
36 
37 



Asp, Gm, Ala, Gry, Ser, Inr 
Asp, Gry, Scr, Val, Ghi, Leu, 
Met 

City, and, if residue 14 or 38 
is not Cys, or any conservative 
seini-conservative substitution 
for a "normal" conformation Gry 
as defined in Table 9 
Arg, His, Pro, Asa, Ser 
Cys, and, if residue 38 is not 
Cys, any conservative or semi- 
conservative substitution for 
Cys 

Arg, Lys 
Ala, Gry 
Ala, Asn, Ser, Be 
His, Leu, GM 
Pro,Gm, Leu 

Arg, Leu, Ala, Ser, Lys, Gin, 
Val 

Tip, Pbe 
Glu 

Ghi, Gin 
Phe 

Ser,Tfar,He 
Gry, Ser, Ala 

Gly, and, if residue 14 or 38 
not Cys, any conservative or 
semw»nservative substitution 
for a "normaT confonnatian Gly 
as defined in Table 9 



7. A method of preventing or treating a disorder attribut- 
able to excessive kallikrein activity which comprises 
administering, to a human or animal subject who would 
benefit therefrom, a kallikrdn-inhibitory amount of the 
protein of claim 5. 

8. A method of assaying for the presence of kallikrein in 
a sample which method comprises: providing the protein of 
claim 5 in labeled or insolubilized form, contacting said 
protein with said sample and determining whether a com- 
plex of said protein and kallikrein in the sample is formed. 

9. A method of purifying kallikrein from a mixture which 
comprises: providing the protein of claim 5 in insolubilized 
form, and contacting the mixture with said insolubilized 
protein so that kallikrein in the mixture is bound. 

10. A plasma kallikrein inhibiting protein which com- 
40 prises a sequence that is homologous to a reference sequence 

being selected from the group consisting of: KKH/3#1 (SEQ 
ID NO. 5>. KKII/3#2 (SEQ ID NO. 6). 1000/3*3 (SEQ ID 
NO. 7). KKH/3#4 (SEQ ID NO. 8), KKD/3#5 (SEQ ID NO. 
9).KKIL3#6(SEQIDNO. 10).KKn/3#7(SEQIDNO. 11). 

45 KKWm (SEQ ID NO. 12). KKH/3#9 (SEQ ID NO. 13X 
KKII/3#10 (SEQ ID NO. 15), KK2/#11 (SEQ ID NO. 22) 
KK2/#13 (SEQ ID NO. 19). KK2/#1 (SEQ ID NO. 231 
[KK2/#2. ] KK2/#3 (SEQ ID NO. 28), KK2/H (SEQ ID 
NO. 24). KK2/#6 (SEQ ID NO. 25). KK2/#7 (SEQ ID NO. 

50 30).»O^(SEQroNO.27).KK2/#9(SEQIDNO.29) 
KK2/#10(SEQIDNO. 27).KK2/#12 (SEQ ID NO. 31). and 
KK2conl (SEQ ID NO.32) as defined in Table 2. 

11. A method of treating a disorder attributable to exces- 
sive kallikrein activity which comprises administering, to a 

55 human or animal subject who would benefit therefrom, a 
kallikrein-inhibitory amount of the protein of claim 10. 

12. A method of assaying for the presence of kallikrein in 
a sample which method comprises: providing the protein of 
claim 10 in labeled or insolubilized form, contacting said 

60 protein with said sample, and determining whether a com- 
plex of said protein and kallikrein in the sample is formed 

13. A method of purifying kallikrein from a mixture which 
comprises: providing the protein of claim 10 in insolubilized 
form, and contacting the mixture with said insolubilized 

65 protein so that kallikrein in the mixture is bound. 
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* "* ^ »»« *« — betters Patent Is hereby 

-Wmi^? iteBI 1751 Inventors: "Willaim" should read 



Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 



Column 



1, line 52, after "Genebank entry" insert --P03952-. 

2, line 64, after "from a" delete {period) 

3, line 14, "the" should read -they-. 

4, line 55, "purposed" should read -purposes- 

5, line 56, M S 1" should read --S1-. 

6, line 20, delete "J". 

* W 2' ?S? e » n f 'IT" ^ - screenin fi"S line 24 "K" should read ^ 
nne.J> T1BH.E19P" should read — T18H, E19P— 
line 41, "S I5R" should read -S15R-; line 60, "A3 IE* should read -A31F 

9 hne 3 "RI18H" should read -I18H-; line 7, "RII8H" should reXl£ H ■" 
line 8, MODEFICARJON" should read -MODIFICATION- 
hne 29, "R,, s » should read ~R 1S ~; line 53, after "sequences" insert {period}. 
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Kdlfikrein-lhhiDifing "Kunitz 
Domain" Proteins and Analogues 
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Assistant Commfesioner for Patents 
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any patent granted art f he atov^S agreement to run with 

upon the grantee, its succ^oTo^f^ a PP ,,c <* .on and to be binding 



In making the above disclaimer, Dyax Corp. does not disclaim the 
terminal part of any patent granted on the above-identified application that 
jYould extend to the ^expiration date of the full statutory term as defined in 35 

15 tL x 1 73 . of an ? patent ardnted on the copending application as 
shortened by any terminal disclaimer filed prior to the patent grant £ the event 
that any such granted patent: expires for failure to pay a maintenance fee is 
held unenforceable, is found invalid by a court of competent jurisdiction, is' 
statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 321 has 
all claims canceled by reexamination certificate, is reissued, or is in any manner 
terminated prior to the expiration of its full statutory term as shortened by any 
terminal disclaimer filed prior to its grant. 

f** ,^?7TS f ?S!!,w h ^ rebV autnorized to charge the terminal disclaimer 
fee under 37 CFR 1 .20(d) to Deposit Account No. 5O0268. 
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Attachment I 

Alignment of the Kunitz domain of ecallantide and bovine trypsin protease 
inhibitor 



ATTACHMENT I 



MHSFCAFKADDGPCRAAHPRWFFNIFTRQCEEFIYGGCEGNQNRFESLEECKKMCTRD 

GPC+A R+ +N C+ F+YGGC +N +S E+C + C 

RPDECLEPPYTGPCKARIIRYEYNAKAGLCQTFVYGGCRAKRNNEKSAEDCMRTCGGA 

Alignment of the amino acid sequence of ecallantide (first line) and the amino acid 
sequence of bovine protease trypsin inhibitor (BPTI) (third line). The second line shows 
positions within the amino acid sequences that have identical amino acid residues 
(indicated by capital letters) and amino acid residues that are conservative amino acid 
substitutions between the two sequences (indicated by "+") 
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Letter from FDA acknowledging receipt of the first IND 




&md&> 



Food and Drug Administration 
1401 RockviUe Pike 
Rockville MD 20852-1448 



Our Reference: BB-IND 10232 JAN 1 8 2002 

Dyax Corporation 

Attention: Lynn G. Baird, Ph.D. 

Senior Vice-President, Preclinical and Regulatory Affairs 

300 Technology Square 

Cambridge, MA 02139 

Dear Dr. Baird: 

assigned to this application. They serve anfcteXlSE v ^ number ^ve been 
either endorses ordoes not endorse Z 3££?^ * "* ** ^ 

BB-IND #: 10232 



SPONSOR: Dyax Corporation 

PRODUCT NAME: ^ Mta* Aveda 

DATE OF SUBMISSION: January 10, 2002 
DATE OF RECEIPT: January 11, 2002 

It is understood that studies in h.,m fl ™ wm not ^ initiat(tA „„, ;i ^ 

receipt shown above , ff this n fflrv. ^j,^ . ,iw T after fh ft date of 

that require correction before humTsSn J* % £ ZSSSSk ST*" 

to withhold such studies until you are notified/ha/th™, • , Kt P ** you wU1 continue 

the deficiencies is satisfacto^ff SSSiTpS 

in writing of the reasons for placing the IND oThoki ' y ° U WlU 1,6 001166(1 



Page 2 -BB-IND 10232 



weU as results from animal studies IbaZ^^^^T ^^ f 9 "^' ^ 
writing, to this Division and toln inro^S Sf^T? be reported, in 

of this information pi CFR 312 32? fiftee0 <*»vs <*« initial receipt 

Oiai^foranhivestigationalprodu^ 

the pnor written approval of the FDA. <"K«;r m is not permitted without 

Prior to use.of each new lot of the iitvestigational biologic in clinical trials please submh ,h, 

Pfcse provide docunfenfcuon of the institmional review*^ a^Tor^^ 

All laboratory or animal studies intended to support the safetv of this «wm i. 
conducted in compliance with the relations ft? ^iS^^Zfi^L. , 
Laboratory Studies- (21 CFR Part 58. copies available up^reZTo rfri ^lT^ 

dew all differences between the practices used and those required in the re^Si^ 8 

to7a of form FDA 1571 requests that either an "enviramHmtal assessment • or a 'claim for 
categcroal exclusion from the requirements for environmental assessment be i£ludedT£ 
rm If you <hd not include a response to this item with your application ple^bmftnnT 
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Telephone inquiries concerning this IND should be made directly to me at am Xn a«« 
Correspondence regarding this file should be addressed as foUows? } *' 



Center for Biologies Evaluation and Research 
Attn: Office of Therapeutics Research and Review 
HFM-99, Room 200N 
1401 Rockville Pike 
RockviHe, MD 20852-1448 



If we have any comments after we have reviewed this submission, we will contact you. 

Sincerely yours, 



Karen D. Winestock 

Regulatory Project Manager 

Division of Application Review and Policy 

Office of Therapeutics 

Research and Review 
Center for Biologies 

Evaluation and Research 



Enclosures (3): 21 CFR Part 312 

21 CFR 50.20, 50.25 
Information sheet on 21 CFR 25.24 
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Attachment J2 



Contact Report for DYAX-FDA Teleconference of February 8, 2002 



RECORD OF CONTACT 

CONTACT: Scott Proestel DATE OF CONTACT: 08 February 2002 

A ' DATE OF REPORT: 08 February 2002 




DYAX: Lynn G. Baird, Tony Williams, IND#: 10232 
Jeff Peart 

cc: Henry Blair, Shil Hirani, 
Tony Williams, Jeff Peart 

SUBJECT: Stopping Rule 

S2 P K!:? FebTUarV 20 ° 2 - He ackn ^ledged that he had 
received our fax. He said that our proposed stopping rule looked satisfactory tn 
h.m and he was scheduled to review it with his supervisor httSnS tSnSr^r 
so. He would get back to us after they had conferred. ° F 

In the fax, we indicated that we would like to clarify the outcome of yesterdav's 
discussion on replacement of patients. Scott said that all pSSteXare 
treated on study should be followed for 28 days for safety Patiente wh^Hn „«* 
rece ve study medication can be replaced; thoselo ha^e recel^dv 
medication should not be replaced. Tony asked if we ^^SStSteril 
who was treated but from whom no PK samples were cSbcM 
th nk s Uch patlents shouId be altho'ugh^^ 2* 

with his supervisor if we wanted. Lynn suggested that rafterfl2?irSn^^^ 
appropriate exceptions in the protocol, ^ < 5in^C^ dE2 anv"* 
patent for whom we thought replacement was justified. TWa^^S^ 
only non-dosed patients and to call if he felt there were JutfSbSK^^ 

t ^l s ^ h th c a ! h ?r Uld J?" In a ha,f an hour or 80 abo * the stopping rule after 
talking with Ellis Unger. He called and said everything looked satisfactory with 
the exception of one number. The proposed SAE trigger of qrealefS^ 
was too high. They recommended setting this trigge? *2 STfSSed fha L 
would make the change. Scott said that we could proceed wih ou?Ptese?m 

T aSked ^ at We SUbmlt the amende * Proto Jas an IND 
amendment. I assured him that we would. 
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Letter from FDA acknowledging receipt of the second IND 



ATTACHMENT K 

jfi? fr^ARTMENT OP HEALTH & HUMAN SERVICES 




). Food and Drug Administration 

MAY 10 200? 1401 Rockvffle Pike 

RockVifle MD 20852-1448 

Oar Reference: BB-IND 10426 

DyaX Corporation 
Attention: Lynn G. Baird, Ph.D. 
Senior Vice President, Development 
300 Technology Square 
Caffibridge, MA 02139 

Dear Dr. Baird: 

The Center for Biologies Evaluation and Research has received your Investfoatinnai mm, 
DrngAppKc^oBOND): Ttefoflowh^ 

as^gaed to this appBcation. They serve only to identify it and do nS^ ^^W 
eiflier endorses or does not endorse your application. 

BB4ND #; 10426 
SPONSOR: Dyax Corporation; 

D ATE OF SUBMISSION: April 30, 2002 
DATE OF RECEIPT: May 1,2002 

to^iflihold such studies until you axe notified that the material you have subnu^tedto^OEfect^ 
fte deflc.eDc.es is satisfactory. If^adnucatoMisj^OTais^—^,^^, 
mwntnsrftlKxeasonstoi^actagtaelNDon^ «" aceaoB °" s you mB be notified 
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iESi 1 ??"?^?* ^liCible pcfttions of the Public Health Service Act 

^^^^li 3 ^^? IS,^ the Code of Fede^ Rc^gula^ ^! 1^ 
co^of21CFRP^312,r*rfa^ Copies of other pratiaent 

n^^T aV ^ Iefrom ^ CBntet "P^^est The following points regarding 
^grew reports ^re^ at interval 

toannrversaryofth*^ Aay^S 

ported to this OrWsion by telephone or facsimile transmission no later flSevS^dar 
days after xmdal reeenjt of the information. All serious, unexpected advSe^SS^s 

wr1ti£T^ 
oTtT^ 

Prior to use of each hew lot of the investigational biologic in clinical trials olease submit the 

provide documentotionof ^ institutional review bc^^ 

H^fmT 1 * 0X a f t ^ Sd ?? es iB * ai * 5d to 46 of ^product should be 
conducted incoinphance with the regulations for "Good Laboratory Practice for Nonclinical 

^^■^^^^^^^^^'^ If^chSSvfnot 
ES^JS?* m "SP"* P^vide astatememdescnWhf 

detail aD differences between the practices used and those required in the regulation^ 

item 7a of form FDA 1571 requests that either an "environmental assessment " or a "claim for 
b7ad&S Sheet for additional information on how these requirements may 
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Te^^ mqukies concenung this IND should be made directly to me at «0n *T7^« 
Conespondence regarding this ffle should be addressed asfoX: } 58 

Center for Biologies Evaluation and Research 
Atta: Office of Therapeutics Research and Review 
HFM-99, Room 200N 

1401 Rockville Pike 
Rockville, MD 20852-1448 

Sincerely yours, 

"Karen Winestock 
Regulatory Project Manager 
Division of Application Review and Policy 
Office of Therapeutics 

Research and Review 
Center for Biologies 

Evaluation and Research 

Enclosures (3): 21 CFR Part 312 

21 CFR 50.20, 50.25 
Information sheet on 21 CFR 25.24 



> 



In re U.S. Patent No.: 5,795,865 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: DyaxCorp. 
Title: KALLIKREIN-INHIBITING "KU 

ANALOGUES THEREOF 



Attorney Docket No.: D2033-7060US/I0280-096US1 



DOMAIN" PROTEINS AND 



Attachment L 

Letter from Dyax to the Center for Biologic Evaluation and Research dated May 
, 2002 which summarized the May 30, 2002 telephone conference 



DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 
FOOD AND DRUG ADMINISTRATION 

. INVESTIGATIONAL NEW DRUG APPLICATION (IND) 

I {TITLE 21, CODE OF FEDERAL REGULATIONS (CFR) PART 312) 



Form Approved: OMB No. 0910-0014. 
Expiration Date: September 30, 2002 
See OMB Statement on Reverse. 



NOTE: No drug may be shipped or dinical 
investigation begun until an IND for that 
Investigation is In effect (21 CFR 312.40). 



1. NAME OF SPONSOR 

DyaxCorp. 



2. DATE OF SUBMISSION 
31 May 2002 



3. ADDRESS (Number, Street, City, State and Zip Code) 

300 Technology Square 
Cambridge, MA 02139 



4. TELEPHONE NUMBER 
(Include Area Code) 

617-250-5705 



5- NAME(S) OF DRUG (Include an available names: Trade, Generic, Chemical, Code) 
DX-88 (Recombinant Human Plasma Kallikrein Inhibitor) 



6. IND NUMBER (If previously assigned) 
BB-IND § 10426 



7. INDiCATION(S)^C&iw^i6yl/i/sa/6miS8&OT; 

Hereditary Angioedema 



8. PHASE(S) OF CLINICAL INVESTIGATION TO BE CONDUCTED: 



□ PHASE 1 |3 PHASE 2 □ PHASE 3 □ OTHER_ 



(Specify) 



9 V UST NUMBERS OF ALL INVESTIGATIONAL NEW DRUG APPLICATIONS (21 CFR Part 312), NEW DRUG OR ANTIBIOTIC APPLICATIONS 
" TO^H^ MASTER nLES & CFR PaH 3U - 420 >* AND PRODUCT LICENSE APPUCATIONS (21 CFR Part €01) REFERRED 

BB-IND #10232 



^ ! NO submission should be consecutively numbered. The initial IND should be numbered 
Serial number: 000," The next submission feg., amendment, report or correspondence) 
should be numbered "Serial Number. 001." Subsequent submissions should be 
numbered consecutively in the order in which they are submitted. 



1 1. THIS SUBMISSION CONTAINS THE FOLLOWING: (Check ell that apply) 

□ INITIAL INVESTIGATIONAL NEW DRUG APPLICATION (IND) 



SERIAL NUMBER 

0 0 2 



PROTOCOL AMENDMENTS): 

□ : NEW PROTOCOL 

□ CHANGE IN PROTOCOL 

□ .NEW INVESTIGATOR 



INFORMATION AMENDMENTS): 

□ CHEMISTRY/MICROBIOLOGY 

□ PHARMACOLOGY/TOXICOLOGY 

□ CUNICAL 



□ RESPONSE TO CLINICAL HOLD 
IND SAFETY REPORT(S): 

□ INITIAL WRITTEN REPORT 

□ FOLLOW-UP TO A WRITTEN REPORT 



(3 RESPONSE TO FDA REQUEST FOR INFORMATION 

Q REQUEST FOR REINSTATEMENT OF IND THAT IS WITHDRAWN. 
\ INACTIVATED, TERMINATED OR DISCONTINUED 



□ ANNUAL REPORT 
□ OTHER « 



□ GENERAL CORRESPONDENCE 



(Specify) 



CHECK ONLY IF APPLICABLE 



FOR FDA USE ONLY 



CDR/DBiND/DQD RECEIPT STAMP 



DDR RECEIPT STAMP 



DIVISION ASSIGNMENT: 



IND NUMBER ASSIGNED: 



form fda 1571 (10/99) This document was i^fTO&fi^m^Wfat 10:25:37 am. pageiofz 

rr*»i«l Km PRC Med*« An* Bnt** 430I> 44.W454 E 



CONTENTS OF APPLICATION 

This application contains the following items: (Check all that apply) 



•J 1 . Form FDA 1571 (21 CFR 312^3(a)(1)J 

□ 2. Tabfe of Contents [21 CFR 312.23(a)(2)] 

□ 3. Introductory statement [21 CFR 312.23(a)(3)) 

□ 4. General Investigational plan [21 CFR 312.23(a)(3)] 

□ 5. Investigator's brochure [21 CFR 312.23(a)(5)] 
D 6. Protocol(s) [21 CFR 312.23(a)(6)] 

□ a. Study protocols) [21 CFR 312.23(a)(6)) 

□ b. Investigator data [21 CFR 312S>3(a)(6)(iti)(b)] or completed Form(s) FDA 1572 

□ a Facilities data (21 CFR 312.23(a)(6)(5i)(b)J or completed Form(s) FDA 1572 

□ d. Institutional Review Board data [21 CFR 31Z23(a)(6)(ili)(b)] or completed Form(s) FDA 1572 

□ 7. Chemistry, manufacturing, and control data [21 CFR 312.23(a)(7)] 

□ Environmental assessment or claim for exclusion [21 CFR 312.23(a)(7)(iv)(e)] 

□ 8. Pharmacology and toxicology data [21 CFR 312.23(a)(8)] 

□ 9. Previous human experience [21 CFR 312J>3(a)(9)] 
□10. Additional information [21 CFR 312.23(a)(10)J 



13. IS ANY PART OF THE CLINICAL STUDY TO BE CONDUCTED BY A CONTRACT RESEARCH ORGANIZATION? □ YES [X] NO 

IF YES, WILL ANY SPONSOR OBLIGATIONS BE TRANSFERRED TO THE CONTRACT RESEARCH ORGANIZATION? Q YES O NO 

IF YES, ATTACH A STATEMENT CONTAINING THE NAME AND ADDRESS OF THE CONTRACT RESEARCH ORGANIZATION. 
IDENTIFICATION OF THE CLINICAL STUDY, AND A LISTING OF THE OBLIGATIONS TRANSFERRED. 



\ NAME AND TITLE OF THE PERSON RESPONSIBLE FOR MONFT0RIN6 THE CONDUCT AND PROGRESS OF THE CLINICAL 
INVESTIGATIONS 



Anthony H. Williams, MA, MRCP, MB, MS 
Sr. Vice President 

Medical Affairs and Clinical Operations 



15. NAME(S) AND TTTLE(S) OF THE PERSON(S) RESPONSIBLE FOR REVIEW AND EVALUATION OF INFORMATION RELEVANT TO THE 
SAFETY OF THE DRUG 



Anthony H. Williams, MA, MRCP, MB, MS 
Sr. Vice President 

Medical Affairs and Clinical Operations 



Lynn G. Baird,PhD 
Sr. Vice President 
Development 



I agree not to begin clinical investigations until 30 days after FDA's receipt of the IND unless 1 receive earlier notification 
by FDA that the studies may begin. I also agree not to begin or continue clinical Investigations covered by the tND if 
those studies are placed on clinical hold. I agree that an Institutional Review Board (IRB) that complies with the 
requirements set fourth in 21 CFR Part 56 will be responsible for initial and continuing review and approval of each of the 
studies in the proposed clinical Investigation. I agree to conduct the investigation In accordance with all other applicable 
regulatory requirements. * 



16. NAME OF SPONSOR OR SPONSOR'S AUTHORIZED 
REPRESENTATIVE 

Lynn Q. Baird, PhD 
Sr. Vice President 
Development 



17. SIGNATURE OF SPONSOR OR SPONSOR'S AUTHORIZED 



REPRESENTATIVE 




18. ADDRESS (Number. Street, City. State and Zip Code) 

DyaxCorp. 

300 Technology Square 
Cambridge, MA 02 139 



19. TELEF^JONE NUMBER 
(Include Area Code) 

617-250-5705 



20. DATE 



yARNlMO: A wBlfufly false statement is a criminal offense. U.S.C. Title 16, Sec. 10Q1.) 



iblic reporting burden for this collection of information Is estimated to average 100 hours per response, Including the time for reviewing instructions, 
>arching existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of Information. Send comments 
regarding this butden estimate or any other aspect of this collection of information. Including suggestions for reducing this burden to: 
Food and Drug Administration • Food and Drug Administration "An agency may not conduct or sponsor, and a 

CBER (HFM-99) ODER (HFD-94) person is not required to respond to, a 

1401 Roekvltle Pike 5516 Nicholson Lane collection of information unless it displays a * 

Rockvffle, MD 20852-1448 Kensington, MD 20895 currently valid OMB control number * 



. , Please DO NOT RETURN this application to this address. 

Th i o document was printed on 24 May 2Q07, at 1 0.20.37 m. 
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Dyax Corp. 



300 Technology Square 
Cambridge, MA 02139 
Phone 617 225 2500 
Fax 617 225 2501 



Dyax 




31 May 2002 



BB-IND # 10426, Serial 002 



Dr. JaySiegel 

Center for Biologies Evaluation and Review 
HFM-99, Room 200N 

Attention: Office of Therapeutics Research and Review 
1401 Rockville Pike 
Rockvilie, MD 20852-1448 

Re: DX-88 (Recombinant Human Plasma Kallikrein Inhibitor) for Treatment of 
Hereditary Anqioedema 



Attention: Karen Winestock 
Dear Dr. Siegel: 

This letter is a summary of a teleconference on 30 May 2002 with.Anita 
O'Connor and Scott Proestel, and a follow-up of a teleconference on 29 May 
2002 (reference BB-IND # 10426, Serial 001). Teleconference participants 
representing Dyax were Lynn Baird, SVP Development, Tony Williams, SVP 
Medical Affairs and Clinical Operations, and Jeff Peart, Manager Regulatory 
Affairs. 

Dr. Proestel and Ms. O'Connor had reviewed a facsimile copy of Serial 001 and 
had four follow-up comments/questions: 

1 . Regarding the requested change from an absolute milligram dose in the 
proposed study to a dose based on mg/m 2 body surface, what numerical doses 
are being considered? 

Dr. Williams indicated that doses from of 5, 10, 20, 40 mg/ m 2 body surface would 
be used. He had selected these doses based on the originally proposed doses 
of 10, 20, 40, and 80 mg and a surface area of an average person of 1 .92 m 2 . 
An upper limit for surface area of 2.5 m 2 will be used to prevent potential 
overdosing. 

2. It is suggested that the stopping rule associated with patient death apply to all 
deaths rather than "medical" deaths. Alternatively, specific events leading to 



death could be identified. This should not delay study enrollment as CBER 
review of unrelated deaths will be rapid. 

Dyax agrees to write the stopping rule to include all deaths. 

3. Dr. Proestel clarified that it would be acceptable to treat up to fifty patients, not 
episodes, in the proposed study. 

Dyax agrees. However, the protocol as written allows for treatment of 48 attacks, 
and will be amended to treat 48 patients. 

4. Dr. Proestel asked for clarification regarding how we intended to deal with 
potential retreatments. 

Dr. Williams stated that patients would be treated under a separate protocol 
rather than under the existing protocol for administrative reasons. 

Dr. Proestel confirmed that the clinical trial could be initiated. However, Dyax 
must submit a revised clinical protocol to the IND before patient enrollment 
begins. Dyax agreed to submit the protocol in a subsequent amendment. 

Please contact me by telephone at 617-250-5705 or telefax at 617-225-2501 if 
you need any additional information or require any clarification. 



Sincerely, 



Lyng/G. Baird, Ph,D. 
Senior Vice President 
Development 




In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096USI 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



Attachment M 

Communication dated June 12, 2008 from Dyax Corp. to the Center for Drug 
Evaluation and Research discussing conveyance of BB-IND# 10232 to Cubist 
Pharmaceuticals 



ATTACHMENT M 



I DEPARTMENT OF HEALTH AND HUMAN SERVICES 
I FOOD AND DRUG ADMINISTRATION 

INVESTIGATIONAL NEW DRUG APPLICATION (IND) 

1 (TITLE 21, CODE OF FEDERAL REGULATIONS fCFm paot mot 


Form Approved: .OMB No. 0910-0430. I 
Expiration Date: April 30, 2009 I 
See OMB Statement oh Reverse, \ 


NOTE: No drug may be shipped or clinical I 
investigation begun untO an IND for that ! 
investigation is in effect (21 CFR 312.40). I 


11. NAME OF SPONSOR " ~ — -; 

I DyaxCorp. 


2. DATE OF SUBMISSION I 
06/12/2008 ] 


13. ADDRESS (Number, Street, City, State and Zip Code) — — 

1 300 Technology Square 
1 Cambridge, MA 02139 


4. TELEPHONE NUMBER I 
(Include Area Code) I 

617-250-5773 j 


1 5. NAME(S) OF DRUG (include ail available names- Trade Gf>n*rir> rt^^^t r*^x 

J Ecallartlde (OX-88 {Recombinant Human Plasma Kalltkrein Inhibitor)) 


a IND NUMBER (If previously assigned) | 
.10232 J 


1 7. INDICATION^) (Covered by this submission) ~~ " ~ — 





For Use In Patients Undergoing Caidlopulmonaiy Bypass Procedures 
la PHASE(S) OF CLINICAL INVESTIGATION TO BE CONDUCTEDc" 



OPHASE1 fZ) PHASE 2 Q PHASE 3 C3 OTHER_ 



* ^0^3% oTJl^^^S™ g"ff™g » £* ■» NEW DRUG OR KmL^ APPUCAT.ONS 

' TOINTHISAPPUCATION (21 CFR Part 314.420). AND PRODUCT LICENSE APPLICATIONS (21 CFR Part 601) REFERRED | 

IND #10426 



h °' oo^outtvely numbered. The mmal IND should be numbered 

sSd te^nuSed ^Se7a? «Sffi%£# a ^menL report, or co^nJS) 



hi. THIS SUBMISSION CONTAINS THE FOLLOWING: (Check all that apply) 
1 O INfTTAL INVESTIGATIONAL NEW DRUG APPLICATION (IND) 



SERIAL NUMBER 
100 



I PROTOCOL AMENDMENTS): 

O NEW PROTOCOL 
□ CHANGE IN PROTOCOL 
| Q NEW INVESTIGATOR 



INFORMATION AMENDMENTS): 

Q CHEMISTRY/MICROBIOLOGY 
Q PHARMACOLOGY/TOXICOLOGY 
0 * CLINICAL 



Q RESPONSE TO CLINICAL HOLD 
IND SAFETY REPORT(S): 

Q INITIAL WRITTEN REPORT 

Q FOLLOW-UP TO A WRITTEN REPORT 



RESPONSE TO FDA REQUEST FOR INFORMATION 

D ™**^J^ RE, NSTAXEMENT OF | NDTH ATIS WITHDRAWN. 
I INACTIVATED. TERMINATED OR DISCONTINUED 



O ANNUAL REPORT (7| GENERAL CORRESPONDENCE - 

{7j other TransferofflMP 



(Specify) 



CHECK ONLY IF APPLICABLE 



CDR/D8INO/DGD RECEIPT STAMP 



FORM FDA 1571 (4/06) 



FOR FDA USE ONL Y 

DDR RECEIPT STAMP 



PREVIOUS EDITION IS OBSOLETE. 



DIVISION ASSIGNMENT: 



IND NUMBER ASSIGNED: 



PAGE 1 OF 2 

fSCQapfata: 001)4434090 



12. CONTENTS OF APPLICATION 

This application contains the following items: (Check all that apply) 

I 0 1- R*m FDA 1571 (21 CFR 31223(a)(1)] 

□ 2. Table of Contents [21 CFR 31223(a)(2)] 

Q 3. Introductory statement [21 CFR 31223(a)(3)] 

□ 4. General Investigational plan [21 CFR 31223(a)(3)] 

□ 5. Investigator's brochure [21 CFR 31223(a)(5)] 
| Q 6. Protocols) [21 CFR 31223(a)(6)] 

□ a. Study protocols) (21 CFR 31223(a)(6)] 

O b. Investigator data [21 CFR 31223(a)(6)(ill)(b)] or completed Form(s) FDA 1572 

□ a Facilities data [21 CFR 31 223(a)(6)(iii)(b)] or completed Form(s) FDA 1572 

□ d. Institutional Review Board data/2f CFR 31223(a)(6)(iii)(b)] or completed Form(s) FDA 1572 

□ 7. Chemistry, manufacturing, and control data [21 CFR 31223(a)(7)] 

□ Environmental assessment or claim for exclusion [21 CFR 31223(a)(7)(iv)(e)] 

□ 8. Pharmacology and toxicology data [21 CFR 31223(a)(8)] 

□ 9. Previous human experience [21 CFR 31223(a)(9)] 
Ol0. Additional information [21 CFR 31223(a)(10)] 

1 13. IS ANY PART OF THE CLINICAL STUDY TO BE CONDUCTED BY ACOJYTRACT RESEARCH ORGANIZATION? gjYES QnO 

IF YES. WILL ANY SPONSOR OBLIGATIONS BE TRANSFERRED TO THE CONTRACT RESEARCH ORGANIZATION? 0YES QnO 

!^S,ATOCH ASTATEMENT CONTAINING THE NAME AND ADDRESS OF THE CONTRACT RESEARCH ORGANIZATION 
IDENTIFICATION OF THE CUNICAL STUDY, AND AUSTINGOF THE OBUGATTO NS TRANSFER^) 

I 14 * f^ME^D TTTLE OF THE PERSON RESPONSIBLE FOR MONITORING THE CONDUCT AND PROGRESS OF THE CUNICAL 
1 ' INVESTIGATIONS 

Andrew Sternficht, M.D., Ph.D. 
VP of Ciinical and Medical Affairs, Dyax Corp. 

1 sSfctyO^ THEDR^ 0F THEPERSON(S) RESPONSIBLE FOR REVIEW AND EVALUATION OF INFORMATION RELEVANT TO THE 



Bill Pullman. M.D., Ph.D. 

Executive Vice President and Chief Development Officer 



LSfTC ^SL 10 b - e£ Ll n cfinfcal ,nvestl S at| ons until 30 days after FDA's receipt of the IND unless I receive earlier notfhcatfon by 
FDA that the studies may begin. I also agree not to begin or continue clinical investigations covered by the IND if those 
studies an? placed on clinical hold. I agree that an institutional Review Board (IRB) that complies with the requirements set 
fourth 21 CFR Part 5S wfll be responsible f or initial and continuing review and approval of each of the studies in the 
proposed clinical investigation. I agree to conduct the investigation in accordance with all other applicable regulatory 



J 16. NAME OF SPONSOR OR SPONSOR'S AUTHORIZED 
1 REPRESENTATIVE 

I Nicole D'Auteuil 

I Senior Director of Regulatory Affairs 


17. SIGNATURE OF SPONSOR OR SPONSOR'S AUTHORIZED j 
REPRESENTATIVE c 1 


1 18. ADDRESS (Number, Street, City, State and Zip Code) 


19. TELEPHONE NUMBER 


20. DATE | 


I Dyax Corp. 


(Include Area Code) 


06/12/2008 J 


I 300 Technology Square 


617-260-5773 


I Cambridge, MA 02139 





j (WARNING: A willfully false statement is a criminal offense. US.C-Titte 18, Sea 1001.) 



I l^^^^^ZT^^^ "SS^^Jf ^average 100 hours per response, including the lime for reviewing instructions, searching existing 

date sources, S^menngartd maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this burden estimate or any 
other aspect of this collection of information, including suggestions for reducing this burden to: .^ojng , nis ouroen esumaie or any 



Department of Health and Human Services 
Food arid Drug Administration 
Center for Drug Evaluation and Research (HFD-143) 
Central Document Room 
5901-6 Ammendate Road 
BeftSviUe,MD 207052-1266 



Department of Health and Human Services 

Food and Drug Administration 

Center for Otologics Evaluation and Research (HFM-S9) 

1401 RocfcvOte Pike 

Rockvilfe, MD 20852-1448 



- An agency may not conduct or sponsor, and a 
person is not required to respond to, a collection 
of information unless it displays a currently valid 
OMB control number." 



Please DO NOT RETURN this application to this address. 



FORM FDA 1571 (4/06) 
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300 Technology Square 
Cambridge, MA 02139 
phone (617)226-2500 
DyaxCorp. fax (617)225-2501 




IND # 10232, Serial 100 



12 June 2008 

Dwayne Rieves, MD 

Therapeutic Biological Products Document Room 
Center for Drug Evaluation and Research 
Food and Drug Administration 
5901 -B Ammeridale Road 
Beltsville, MD 20705-1266 

Re: Ecallantide IV: In Patients Undergoing Cardiopulmonary Bypass Procedures 
Ecallantide (DX-88 [Recombinant Human Plasma Kallikrein Inhibitor]) 
General Correspondence: Notice of Transfer off IND # 10232 

Dear Dr. Rieves: 

The^purpose of this submission is to notify the FDA that sponsorship of IND 10232 
DX-88 (ecallantide) for the reduction of blood loss for patients undergoing 
cardiopulmonary bypass surgery, is being transferred to Cubist Pharmaceuticals. Inc as 
? i"1 e 2 * M documerrts associated with IND 10232 have been transferred to 
Cubist and all active investigators will be notified that Cubist is assuming the sponsor 
responsibilities for ecallantide as of June 16, 2008. 

9" J?""® 16 \ Cubist wi » a,so assume responsibility for the ongoing clinical study 
D*88/16 f entrtled KALAHARI 1: Kallikrein Antagonist (DX-88 [Ecallantide]) Effect on 
Blood Loss Associated with Heart Surgery Requiring Institution of Bypass" 



In a separate submission to IND 10232, Cubist Pharmaceuticals, Inc. will notify the FDA 
that th o y assume all of the cpon c nr raffpnncfhi i ifino f ftr 10 330 ^ of j u ne 16 2 Q08. 
Included in the Cubist submission will be a completed FDA 1571 Form which indicates 
the contact information for Cubist. 

Please contact me by telephone at 617-250-5773 or by email at ndauteuil@dvax.com or 
Aurelie Grienenberger by telephone at 617-250,5762 or by ' email at 
aqrrenenberqer@dyax.com if you need any additional information or require anv 
clarification. : • . 



Senior Director of Regulatory Affairs 
Submitted in triplicate 




Confidential 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: DyaxCorp. 

Title: KALLIKREIN-INHIB ITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



Attachment N 

Communication from Dyax Corp. to the Center for Drug Evaluation and Research 
dated June 13, 2008, in which BB-IND#10426 was amended 



ATTACHMENT N 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 

FOOD AND DRUG ADMINISTRATION 

,N ^ S 7 ,GAT,0NAL N6W DRUG APPLICATION AND) 

QJTLE21, CODE OF FEDERAL R EGULATIONS (CFR) PART 312) 

jl. NAME OF SPONSOR " ■■ 

Dyax Corp. 



J a ADDRESS (Number, Street. Oty, State and Zp Code) 
300 Technology Square 
Cambridge, MA 02139 



|5. NAME(S) OF DRUG (Include all available name* Trade. Generic. Chemical, Code) 
Eca»antide(DX-88 IRecombinant Human Plasma Kattrkrein Inhibitorl) 



1 7. INDICATIONS) (Covered by this submission) 
Treatment of Angfoedema 



Form Approved: OMB Wo. 0910-0430. 
Expiration Date: April 30, 2009 
See OMB Statement on Reverse. 



«° d ™ 9 be shipped or clinical 
nvestigation begun until an IND for that 
investigation is in effect (21 CFR31&40) 



2. DATE OF SUBMISSION 

06/13/2008 

TELEPHONE NUMBER 
(Include Area Code) 

617-260-5773 



6. IND NUMBER (If previously assigned) 
10426 



18. PHASE(S) OF CLINICAL INVESTIGATION TO BE CONDUCTED: 



□ PHASE1 |Q PHASE 2 13 PHASE 3 Q OTHER 



r y^j&sror^ sags; ^ «»» or A^'S ^^d 

I TD IN THIS APPLICATION. 8MM * ^ PRODUCT UCEMSE APPLICATIONS (21 CFR Part 601) REFERRED I 

BB-IND #10232 



I stoa/tf be numbered "SerZl Tuh<^T', repo ?> , or , correspondence) 

numbered ^nsecutiveiy in the order X submissions ^fculd U 



I O INfTIAL INVESTIGATIONAL NEW DRUG APPLICATION (IND) 



J PROTOCOL AMENDMENTS): 

D NEW PROTOCOL 
□ CHANGE IN PROTOCOL 
I Q NEW INVESTIGATOR 



INFORMATION AMENDMENT{S): 

Q CHEMISTRY/MICROBIOLOGY 

□ PHARMACOLOGY/TOXICOLOGY 

□ CLINICAL 



SERIAL NUMBER 
193 



O RESPONSE TO CLINICAL HOLD 
IND SAFETY REPORTS): - 
Q INITIAL WRrrtEN REPORT 
□ FOLLOW-UP TOA WRITTEN REPORT 



□ RESPONSE TO FDA REQUEST FOR INFORMATION 

"S^^Sl^ RRE,NSrir ATEMENTOF IND THAT IS WITHDRAWN 
I INACTIVATED. TERMINATED OR DISCONTINUED ' 



□ ANNUAL REPORT Q GENERAL CORRESPONDENCE 

0 OTHER Submission of P6<^ments^etterof Authorization 

(Specify) 



CDR/DB1ND/DGO RECEIPT STAMP 



DDR RECEIPT STAMP 



FOR FDA USE ONLY 



DIVISION ASSIGNMENT: 



IND NUMBER ASSIGNED: 



PAGE 1 OF 2 

FSC OrqpMrr: O0») 40-1090 EP 



12. CONTENTS OF APPLICATION 

This application contains the following items: (Check all that apply) 

(3 1. Form FDA 1571 [21 CFR 312.23(a)(1)] 

□ 2. Table of Contents [21 CFR 312.23(b)(2)] 

□ 3. Introductory statement [21 CFR 31223(a)(3)] 

□ 4. General Investigational plan [21 CFR 312.23(a)(3)] 

□ 5. Investigator's brochure [21 CFR 31223(a)(5)] 
| O 6. Protoco!(s) 121 CFR 31223(a)(6)] 

□ a. Study protbool(s) [21 CFR 31223(a)(6)] 

□ b. Investigator data [21 CFR 3i223(a)(6)ffl(b)] or completed Fdrm(s) FDA 1572 

□ c. Facilities data [21 CFR 31Z23(a)(6)(UQ(b)]or completed Form(s) FDA 1572 

□ d. Institutional Review Board data/27 CFR 31223(a)(6)(m)(b)J or completed Form(s) FDA 1572 
0 7. Chemistry, manufacturing, and control data [21 CFR 31223(a)(7)] 

□ Environmental assessment or claim for exclusion [21 CFR 31223(a)(7)(iv)(e)] 
0 8. Pharmacology and toxicology data [21 CFR 31223(a)(8)] 

O 9. Previous human experience [21 CFR 31223(a)(9)] 
□l0. Additional information [21 CFR 31223(a)(10)] 



J 13. IS ANY PART OF THE CLINICAL STUDY TO BE CONDUCTED BY A CONTRACT RESEARCH ORGANIZATION? @YES QnO 

IF YES, WILL ANY SPONSOR OBLIGATIONS BE TRANSFERRED TO THE CONTRACT RESEARCH ORGANIZATION? [7j YES Qt<0 

*?™ T ™ EW COWAININQ THENAME AND ADDR^S OFTHE CONTRAGTRESEARCH OROANIZATtQN. 
. IDENTIFICATION OF THE CLINICAL STUDY, AND A LISTING OF THE OBLIGATIONS TRANSFERRED. ' 

1 14i ~ D """"^ 0F7HE PERS0N RESPONSIBLE FOR MONITORING THE CONDUCT AND PROGRESS OF THE CLINICAL 

1 INVESTIGATIONS 



Patnck Horn, M.D., Ph.D. 

Sr. Medical Director, Dyax Corp. 



1$ * ^SlS£^!HfS OF ™ E PERSON{S) RESPONSIBLE FOR REVIEW AND EVALUATION OF INFORMATION RELEVANT TO THE 
oArfc I Y Ur THE DRUG 

BHi Pullman, M.D., Ph.D. 

Executive Vice President and Chief Development Officer, Dyax Corp. 



!£ 9 a"S "51*° l??? c,lnl6al investigations until 30 days after FDA's receipt of the IND unless I receive earlier notification by 
FDA that the studies may begin. I also agree not to begin or continue clinical Investigations covered by the IND if those 
studies are i placed on clinical hold. I agree that an Institutional Review Board (IRB) that complies with the requirements set 
fourth in 21 CFR Part 56 will be responsible for initial and continuing review and approval of each of the studies in the 
proposed clinical investigation. I agree to conduct the investigation in accordance with all other applicable regulatory 
requirements. 



1 16. NAME OF SPONSOR OR SPONSOR'S AUTHORIZED 
I REPRESENTATIVE 

1 Nicole D'Auteufl 

j Senior Director of Regulatory Affairs 


17. SIGNATURE OF SPONSOR OR SPONSOR'S AUTHORIZED 1 
REPRESENTATIVE | 


1 1a ADDRESS (Number, Street, City, State and Zip Code) 

I Dyax Corp. 

I 300 Technology Square 

i Cambridge, MA 02139 


19. TELEPHONE NUMBER 
* (Include Area Code) 

617-250-5773 


20. DATE I 
06/13/2008 I 



(WARNING: A willfully false statement Is a criminal offense. U.S.C. Title 18, Sec. 1001.) 



^JSIS^^^ 01 infoi^ationls estimated toaverage 100 hours per response, Including the time tor reviewing instructions, searching existing 
^ maintaining the data needed, and completing reviewing the collection of Informatfon. Send comments regarding this burden estimate or any 

other aspect of this collection of information, including suggestions for reducing this burden to: ' 



Department of Health and Human Services 
Food and Drug Administration 
Center for Drug Evaluation and Research (HFD-143) 
Central Document Room - 
5901-B Ammendale Road 
Beltsvifie, MD 207052-1266 



Department of Health and Human Services 

Food and Drug Administration 

Center for Biologies Evaluation and Research (HFM-99) 

1401 Rockvifle Pike 

Rockvlde, MD 20852-1448 



"An agency may not conduct or sponsor, and a 
person Is not required to respond to, a collection 
of Information unless it displays a currently valid 
OMB control number." 



Please DO NOT RETURN this application to this address. 



FORM FDA 1571 (4/06) 
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Dyax Corp. 



300 Technology Square 
Cambridge, MA 02139 
phone (617)225-2500 
fax (617)225-2501 




13 June 2008 



IND # 10426, Serial 193 



Badrul Chowdhury, M.D., Ph.D. 

Division of Pulmonary and Allergy Products 

Center for Drug Evaluation and Research 

Food and Drug Administration 

Therapeutic Biological Products Document Room 

5901 ^B Ammendale Road 

Beitsville, MD 20705-1266 

Re: DX-88 (ecallantide) for Treatment of Angioedema 
Re-submission of documentation 
Letter of Authorization to Cross-Reference IND 10426 

Dear Dr. Chowdhury: 

We are re-submitting information that was previously submitted to the Agency 
The current submission is being made due to an IND transfer to a hew sponsor 
Dyax Corp. has been the Sponsor of INDs for DX-88 (ecallantide) in two 
indications: 

• IND 10426 for attacks of hereditary angioedema (Division of Pulmonary and 
Allergy Products); and 

• IND 10232 for the reduction of blood loss for patients undergoing 
cardiopulmonary bypass surgery (Division of Medical Imaging and 
Hematology Products) 

Dyax is retaining sponsorship of IND 10426, however, transferring sponsorship of 
IND 10232 to Cubist Pharmaceuticals, effective June 16, 2008. Due to the 
transfer of IND 10232, Dyax is re-submitting all Quality and Nonclinical (NC) 
documentation that was previously submitted to IND 10232 and cross-referenced 
to IND 10426. The information in the current submission is entirely duplicative to 
prior submissions and is provided for the purpose of ensuring that documentation 
previously submitted to only IND 10232 is now directly incorporated to IND 



Also attached is a letter of authorization to cross-reference IND 10426 oh behalf 
of submissions made by Cubist Pharmaceuticals in association with IND 10232. 



Confidential 
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IND# 10426, Serial 193 
13 June 2008 
Page 2 of 2 



As agreed with the IND project manager, Akilah Green, only 1 copy of this 
submission is provided because there is no new information for review. The 
attached table of contents lists the documentation included in the current re- 
submission. 

Future Quality and NG submissions in support of the HAE program will be fullv 
submitted to IND 10426. 

Please contact me by telephone at 617-250-5773 or by email at 
ndauteuil@dvax.com or Aurelie Grienenberger at 617-250-5762 or by email at 
aqrienenberaer@dvax.com if you need any additional information or require any 
clarification. 



Sincerely, 




Nicole D'Auteuil 
Senior Director of Regulatory Affairs 

Submitted in triplicate 
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Dyax Corp. 



300 Technology Square 
Cambridge, MA 02139 
phone (617)225-2500 
fax (617)225-2501 




13 June 2008 

Badrul Chowdhury, M.D., Ph.D. 

Division of Pulmonary and Allergy Products 

Center for Drug Evaluation and Research 

Food and Drug Administration 

Therapeutic Biological Products Document Room 

5901 -B Ammendale Road 

Beltsville, MD 20705-1266 

Re: Letter of Authorization to Cross Reference IND 10426 



Dear Dr. Chowdhury: 

Dyax Corp. authorizes the FDA to incorporate, by reference, information in IND 10426 in 
'22^?"?" 0f ,NDs or otner regulatory submissions filed by Cubist Pharmaceuticals. 
IND 10426 is current and up-to-date. 

Reference: IND 10426 

Authorization on behalf of: Cubist Pharmaceuticals, Inc. 

65HaydenAve 

Lexington, MA 02421 
Product: DX-88 (ecallantide) 

Application type: IND or other regulatory submissions for ecallantide 

Please contact me by telephone at 617-250-5773 or by email at ndauteuil@dvax.cbm or 
Aurelie Gnenenberger at 617-250-5762 or by email at aarienenberner@dvax.com if you 
need any additional information or require any clarification. 



Sincerely, 




Senior Director of Regulatory Affairs 
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In re U.S. Patent No. : 5,795,865 Attorney Docket No.: D2033-7060US/1 0280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: DyaxCorp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



Attachment O 



Letter from FDA acknowledging receipt of the final submission of the BLA 




_ ATTACHMENT O 

♦ 

DEPARTMENT Ot HEALTH & HUMAN SERVICES 

- - ■ ■ ■ ■_ Public Healt h Service 

Food arid Drug Administration 
. . Rockvifle, MD 20857 

OarSIN: BI. 125277/0 BIA ACIWOWLEnGEMENT 

Dyax Corporation 
300 Technology Square 
. Cambridge, MA 02139 

OCT 29 2008 

Attention: Nicole D'Auteuil . > 

Senior Director, Regulatory Affairs . 

Dear Ms. D'Auteuil: 

We have received your biologies fieense application (BLA) submitted under section 351 of the 
Pubhc Health Service Act for the following: 

Name of Biological Product: KALBfTOR (ecallantide) Injection 

Date of Application : September 23, 2008 

Date of Receipt: September 23, 2008 

Oar Submission Tracking Number (STN): BL 125277/0 

Proposed Use: Treatment of Hereditary Angioedema 

If you have not already done so, promptly submit the content of labeling [21 CFR 601 14(b)] in 
structured product labeling (SPL) format as described at 

http://ww.fdagov/oc/datacouncil/sDLhtrnl. Failure to submit the content of labeling in SPL 
format may result in a refusal-to-file action. The content of labeling must conform to the format 
and content requirements of revised 21 CFR 201.56-57. 

We will notify you within 60 days of the receipt date if the application is sufficiently complete to 
permit a substantive review. 

The BLA Submission Tracking Number provided above should be cited at the top of the fist 
page of all submissions to this application. Send aH submissions, electronic or paper, including 
those sent by overnight mail or courier, to the following address: 

Food and Drag Administration 
Center for Drug Evaluation and Research 



5901-B AmmendaleRoad 
Beltsville, MD 20705-1266 



RECEIVED BY 
REGULATORY 



SIGNATURE 




Page 2 - BL 125277/0 



All regidsuory documents submitted in paper should be three-hole punched on the left side of the 
page and bound. The left margin should be at least three-fourths of an inch to assure text is not 
obscuredin the. fastened area. Standard paper size (8-1/2 by 11 inches) should be usedfhowever 
t ma y_°ccaaonally be necessary to use mdividual larger man stanaard paper size. Non- 
st^ferd* "8* i> a g* should be folded and mounted to aHow the page to be opened for review 
without disassembling the jacket and refolded without damage when the volume is shelved. 
Stopping unbound documents may result in the loss of portions of the submission or an 
ramec^saiydelaykproces^ 
submission. 

If you have any questions, call me at (301) 796-1230. 

Sincerely, 

Colette Jackson 

Regulatory Health Project Manager 
Division of Pulmonary and Allergy Products 
Office of Drug Evaluation n 
Center for Drug Evaluation and Research 
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In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



Attachment P 



Certification of Copies of Application Papers 



Attorney Docket No.: D2033-7060US/10280-096US1 



1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent No.: 5,795,865 
Issued: August 18, 1998 
Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 

CERTIFICATE OF EXPRESS MAILING UNDER 37 C.F.R. Sl.~10 

The undersigned hereby certifies that this document was deposited with the U.S. Postal Service on 
February 16, 2010 for express mailing in accordance ^ ^^^^^^ ^^(Jj^tHtl 

Laurie Butler Lawrence, Reg. No. 46,593 

Ef, xttUZtm tin 

Mail Stop Hatch- Waxman PTE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



SUPPLEMENT TO THE APPLICATION FOR EXTENSION OF PATENT TERM 

UNDER 35 U.S.C. 8 156 

In compliance with the duty to disclose to the Director of the United States Patent 
and Trademark Office and the Secretary of Health and Human Services under 37 C.F.R. 
§ 1 .765, Applicants are submitting herewith a copy of an Application for Patent Term 
Extension Under 35 U.S.C. §156 filed for U.S. Patent No.: 7,276,480. The Application 
for Patent Term Extension for U.S. Patent No.: 7,276,480 is also for KALBITOR® which 
was subject to regulatory review in BLA number BL 125277/0. 

Two duplicate copies are being submitted herewith for the Secretary of Health 
and Human Services. The duplicate copies are attached as Exhibit N of the Application 
for Patent Term Extension Under 35 U.S.C. §156 filed for U.S. Patent No.: 7,276,480. 



In re U.S. Patent No.: 5,795,865 Attorney Docket No.: D2033-7060US/10280-096US1 

Issued: August 18, 1998 

Inventors: William Markland and Robert 

Charles Ladner 
Assignee: Dyax Corp. 

Title: KALLIKREIN-INHIBITING "KUNITZ DOMAIN" PROTEINS AND 
ANALOGUES THEREOF 



It is Applicants' understanding that no fee is required for this supplement. 
However, if any fee is required and is otherwise absent, please charge any deficiency to 
Deposit Account No. 50/2762, referencing Attorney Docket No. D2033/7060US. 



Respectfully submitted, 




Laurie Butler Lawrence, Reg. No. 46,593 
LANDO & ANASTASI, LLP 
One Main Street 

Cambridge, Massachusetts 02142 
United States of America 
Telephone: 617-395-7000 
Facsimile: 617-395-7070 

Date: ^//^ 
Attachments: 

Application for Extension of Patent Term Under 35 U.S.C. §156 for U.S. Patent No.: 
7,276,480 and two duplicate copies attached as Exhibit N 



Attorney Docket No.: D2033-7058 ^" S/ 10280-094003 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent No.: 7,276,480 Bl 
Issued: October 2, 2007 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 

CERTIFICATE OF EXPRESS MAILING UNDER 37 C.F.R. SLIP 

The undersigned hereby certifies that this document was deposited with the U.S. Postal Service on 
January 1 1, 2010 for express mailing in accordance with § 1.6(a)(2). 



frence, Re 



Laurie Butler Lawrence, Reg. No. 46,593 



Mail Stop Patent Ext 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C S 156 

Applicant, Dyax Corp., represents that it is the Assignee of the entire interest in 
and to United States Patent No.: 7,276,480 Bl granted to Dyax Corp. on the 2 nd day of 
October, 2007, for 'PREVENTION AND REDUCTION OF BLOOD LOSS ' by virtue 
of an assignment from Robert C. Ladner and Arthur C. Ley to Dyax Corp., recorded in 
the U.S. Patent and Trademark Office at Reel 017499, Frame 0493, on April 18, 2006. 

By the Power of Attorney enclosed herein (Attachment A), Applicant has 
appointed several individual attorneys, including Laurie Butler Lawrence, as attorneys for 
Dyax Corp. with regard to this application for extension of the term of U.S. Patent No.: 
7,276,480 Bl and to transact all business in the U.S. Patent and Trademark Office in 
connection therewith. 

Dyax Corp. is the holder of the regulatory approval granted with respect to the 
regulatory review period relied on herein. 



In re U.S. Patent No.: 7,276,480 B 1 Attorney Docket No.: D2033-705812 US/10280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 



Information Required Under 37 C.F.R. S 1.740 

Applicant hereby submits this application for extension of the patent term under 
35 U.S.C. § 156 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office (37 C.F.R. § 1.740). For the 
convenience of the Patent and Trademark Office, the information contained in this 
application will be presented herein in a format which follows the order of the 
requirements of Section 1.740 of Title 37 of the Code of Federal Regulations. 

(1) Identification of the Approved Product [1.740(a)(1)] 

The approved product is KALBITOR® (ecallantide). Ecallantide is a 
recombinant 60 amino acid plasma kallikrein inhibiting protein produced in Pichia 
pastoris cells. KALBITOR® is supplied as a sterile, clear, colorless liquid which is free 
of preservatives for subcutaneous administration. The approved product is described in 
more detail in the package insert, enclosed herein as Attachment B. The amino acid 
sequence of ecallantide (see SEQ ID NO: 2 of U.S. Patent No.: 7,276,480 Bl, provided 
as Attachment C) is as follows: 

Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys 

1.5 10 15 

Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys 

20 25 30 

Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu 

35 40 45 

Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 60 



(2) Federal Statute Governing Regulatory Approval of the Approved 
Product [1.740(a)(2)! 

2 

997808 



Ill re U.S. Patent No. : 7,276,480 B 1 Attorney Docket No.: D2033-705812 US/I0280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 

The approved product, KALBITOR®, was subject to regulatory review under, 
§ 505(i) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355(i)) and § 351(a) 
of the Public Health Service Act (42 U.S.C. § 262(a)). 

(3) Date of Approval for Commercial Marketing [1.740(a)(3)] 

The approved product, KALBITOR®, received permission for commercial 
marketing or use under Section 351 (a) of the Public Health Service Act on December 1, 
2009. A copy of the FDA letter issuing Biologies License No.: 1789 is attached 
(Attachment D). 

(4) Identification of Active Ingredient and Certifications Related to 
Commercial Marketing of Approved Product [1.740(a)(4)] 

The only active ingredient in KALBITOR® is ecallantide which, on information 
and belief, has not been approved for commercial marketing or use under the Public 
Health Service Act, the Virus-Serum-Toxin Act or the Federal Food, Drug and Cosmetic 
Act prior to the issuance of Biologies License No.: 1789 by the Food and Drug 
Administration on December 1 , 2009. A copy of the package insert describing the 
approved product is attached (Attachment B). 

(5) Statement Regarding Timeliness of Submission of Patent Term 
Extension Request [1.740(a)(5)] 

This application for extension of patent term under 35 U.S.C. § 156 is being 
submitted within the permitted 60-day period pursuant to 37 C.F.R. § 1.720(f). The last 
day on which this application can be submitted is January 29, 2010. 

(6) Complete Identification of the Patent for Which Extension Is Being 
Sought [1.740(a)(6)] 



997808 
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In re U.S. Patent No.: 7,276,480 Bl 
Issued: October 2, 2007 



Attorney Docket No.: D2033-705812 US/10280- 
094003 



Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 

The complete identification of the patent for which a term extension is being 
sought is as follows: 



Inventors: 



Robert C. Ladner and Arthur C. Ley 
7,276,480 Bl 
December 30, 2005 
October 2, 2007 
June 6, 2023 



Patent No.: 



Filing Date: 



Issue Date: 



Expiration Date: 
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In re U.S. Patent No.: 7,276,480 Bl Attorney Docket No.: D2033-705812 US/I0280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 

(7) Copies of the Patent for Which an Extension is Being Sought 
[1.740(a)(7)] 

A copy of U.S. Patent No.: 7,276,480 Bl is provided as Attachment C. 

(8) Copies of Disclaimers, Certificates of Correction, Receipt of 
Maintenance Fee Payments, or Reexamination Certificate [1.740(a)(8)] 

(a) U.S. Patent No.: 7,276,480 Bl was subject to a terminal disclaimer over the 
patent to issue from U.S. Application Serial No.: 10/456,981, filed June 6, 2003 (See 
Attachment E); 

(b) A Certificate of Correction was entered for U.S. Patent No.: 7,276,480 Bl. A 
copy of the Certificate of Correction, the Request for a Certificate of Correction, and the 
Decision Granting Petition are attached (Attachment F); 

(c) The first maintenance fee for U.S. Patent No.: 7,276,480 Bl, will be due 
October 3, 201 1. A copy of the USPTO's on-line record of patent maintenance fees for 
this patent is attached (Attachment G). 

(d) U.S. Patent No.: 7,276,480 Bl has not been the subject of a reexamination 
proceeding. 

(9) Statement Regarding Patent Claims Relative to Approved Product 
[1.740(a)(9)] 

(a) The following claims of U.S. Patent No.: 7,276,480 Bl claim the approved 
product, KALBITOR® (ecallantide): claims 1, 2, and 4. 

(b) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9), the following 
explanation is provided which shows that the above listed claims of U.S. Patent No.: 
7,276,480 Bl claim the approved product, KALBITOR® (ecallantide). 

(1) Description of the approved product 



997808 
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In re U.S. Patent No.: 7,276,480 Bl Attorney Docket No.: D2033-705812 US/10280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 

The approved product is described as follows in the package insert for 
KALBITOR®, a copy of which is provided as Attachment B: "KALBITOR is a potent 
(Ki = 25 pM), selective, reversible inhibitor of plasma kallikrein." 

The package insert for KALBITOR® also provides that: "KALBITOR is a clear 
and colorless, sterile, and nonpyrogenic solution. Each vial contains 10 mg of ecallantide 
as the active ingredient, and the following inactive ingredients: 0.76 mg disodium 
hydrogen orthophosphate (dihydrate), 0.2 mg monopotassium phosphate, 0.2 mg 
potassium chloride, and 8 mg sodium chloride in water for injection, USP." 



The amino acid sequence of ecallantide (see SEQ ID NO: 2 of U.S. Patent No.: 
7,276,480 Bl, provided as Attachment C) is as follows: 



Glu 
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Met 


His 


Ser 


Phe 


Cys 


Ala 


Phe 


Lys 


Ala 


Asp 


Asp 


Gly 


Pro 


Cys 


1 








5 










10 










15 


Arg 


Ala 


Ala 


His 


Pro 


Arg 


Trp 
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Glu 
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Glu 
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Phe 
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35 










40 










45 






Ser 


Leu 
50 


Glu 


Glu 


Cys 


Lys 


Lys 
55 


Met 


Cys 


Thr 


Arg 


Asp 
60 











KALBITOR® is approved for the treatment of acute attacks of hereditary 

angioedema (HAE) in patients. Hereditary angioedema is described in the package insert 

for KALBITOR® as follows: 

Hereditary angioedema (HAE) is a rare genetic disorder caused by 
mutations to CI -esterase- inhibitor (Cl-INH) located on chromosome 1 lq 
and inherited as an autosomal dominant trait HAE is characterized by 
low levels of Cl-INH activity and low levels of C4. Cl-INH functions to 
regulate the activation of the complement and intrinsic coagulation 
(contact system pathway) and is a major endogenous inhibitor of plasma 
kallikrein. The kallikrein-kinin system is a complex proteolytic cascade 
involved in both the initiation of both inflammatory and coagulation 
pathways. One critical aspect of this pathway is the conversion of High 
Molecular Weight (HMW) kininogen to bradykinin by protease plasma 
kallikrein. In HAE, normal regulation of plasma kallikrein activity and 
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the classical complement cascade is therefore not present. During attacks, 
unregulated activity of plasma kallikrein results in excessive bradykinin 
generation. Brandykinin is a vasodilator which is thought by some to be 
responsible for the characteristic HAE symptoms of localized swelling, 
inflammation, and pain. 

(2) Description of claims 1, 2, and 4 and comparison to KALBITOR® 

The following description demonstrates the manner, in which at least one claim of 
U.S. Patent No.: 7,276,480 Bl reads on the approved product. 

(c) Claim 1 of U.S. Patent No.: 7,276,480 Bl reads on the approved product. 
Claim 1 is as follows: 

1 . An isolated polypeptide comprising the amino acid sequence: Met His Ser Phe 
Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe 
Asn He Phe Thr Arg Gin Cys Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn Gin 
Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp (amino 
acids 3-60 of SEQ ID NO:2), wherein the polypeptide inhibits kallikrein. 

Ecallantide in the approved product is an isolated polypeptide. As is described in the 
product insert (see Attachment B), KALBITOR® is a solution of ecallantide in 0.76 mg 
disodium hydrogen orthophosphate (dihydrate), 0.2 mg monopotassium phosphate, 0.2 
mg potassium chloride, 8 mg sodium chloride and water for injection, USP. The 
sequence of ecallantide is identical to the sequence recited in claim 1 with the addition of 
an initial "Glu Ala" at the N terminal end of the ecallantide polypeptide. Therefore, 
ecallantide comprises the sequence recited in claim 1. As is described in the product 
insert (see Attachment B), KALBITOR® inhibits kallikrein. Thus, the approved product 
meets all of the limitations of the claim and the claim covers the approved product. 
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(d) Claim 2 of U.S. Patent No.: 7,276,480 Bl reads on the approved product. 
Claim 2 is as follows: 

2. The isolated polypeptide of claim 1, wherein the polypeptide comprises the 
amino acid sequence: Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp 
Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys 
Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu 
Glu Cys Lys Lys Met Cys Thr Arg Asp (SEQ ID NO:2). 

As discussed above, the approved product meets all of the limitations of clam 1 . The 
sequence of ecallantide is identical to the sequence required in claim 2. Therefore, 
ecallantide comprises the sequence recited in claim 2. Thus, the approved product meets 
all of the limitations of the claim and the claim covers the approved product. 



(e) Claim 4 of U.S. Patent No.: 7,276,480 Bl reads on the approved product. 
Claim 4 is as follows: 

4. The isolated polypeptide of claim 2, wherein the polypeptide consists of the 
amino acid sequence: Glu Ala Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp 
Gly Pro Cys Arg Ala Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys 
Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu 
Glu Cys Lys Lys Met Cys Thr Arg Asp (SEQ ID NO:2). 

As discussed above, the approved product meets all of the limitations of claims 1 and 2. 
The sequence of ecallantide is identical to the sequence required in claim 4. Therefore, 
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ecallantide consists of the sequence recited in claim 4. Thus, the approved product meets 
all of the limitations of the claim and the claim covers the approved product. 
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(10) Relevant Dates Under 35 U.S.C. § 156 for Determination of 
Applicable Regulatory Review Period [1.740(a)(10)] 

The relevant dates and information pursuant to 35 U.S.C. § 1 56(g) to enable the 
Secretary of Health and Human Services to determine the applicable regulatory review 
period are as follows: 

(a) Patent Issue Date: 

U.S. Patent No.: 7,276,480 Bl issued on October 2, 2007. 



(b) IND Effective Date andIND number [35 U.S.C. §156(g)(l)(B)(i); 37C.F.R. 
§L740(a)(10)(i)(A)] 

A first IND was by submitted by Dyax Corp. to the FDA and received by the 
FDA on January 1 1, 2002. It was assigned number BB-IND# 10232. A copy of the letter 
from the FDA to Dyax Corp. providing the IND number and showing the date of receipt 
by the FDA of the first IND is provided in Attachment HI. BB-IND#10232 was 
concerned with the use of ecallantide in patients undergoing cardiopulmonary bypass 
procedures associated with cardiothoracic surgery (CTS). In a telephone conference 
between Dyax Corp. and the FDA on February 8, 2002, the FDA indicated that clinical 
trials under BB-IND#10232 could be initiated. A copy of "Record of Contact" 
memorializing that telephone conference made by Dyax Corp. is provided in Attachment 
H2. This exemption became effective February 8, 2002. 

A second IND was submitted by Dyax Corp. to the FDA and received by the FDA 
on May 1, 2002. It was assigned number BB-IND# 10426. A copy of the letter from the 
FDA to Dyax Corp. providing the IND number and showing the date of receipt by the 
FDA of the IND is provided in Attachment I. BB-IND#10426 was concerned with the 
use of ecallantide to treat angioedema, in particular hereditary angioedema (HAE). BB- 
IND# 10426 cross referenced the earlier filed BB-IND# 10232 and relied on chemistry, 
manufacture and control (CMC) and pre-clinical studies data provided in the earlier filed 
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IND. In a telephone conference between Dyax Corp. and the FDA on May 30, 2002, the 
FDA indicated that clinical trials under BB-IND# 10426 could be initiated. A copy of a 
letter from Dyax Corp. to the Center for Biologies Evaluation and Research summarizing 
that call is provided in Attachment J. This exemption became effective May 30, 2002. 

Both INDs were transferred to the Center for Drug Evaluation and Research in 
2003 when recombinant therapeutic proteins were transferred by the FDA. 

In a communication dated June 12, 2008, the earlier IND, BB-IND# 10232, was 
conveyed to Cubist Pharmaceuticals effective as of June 1 6, 2008. A copy of the 
communication dated June 12, 2008 from Dyax Corp. to the Center for Drug Evaluation 
and Research is provided in Attachment K. 

By a communication dated June 13, 2008, BB-IND#10426 was amended by 
addition of the data it relied on from the earlier filed IND. A copy of the communication 
from Dyax Corp. to the Center for Drug Evaluation and Research is provided in 
Attachment L. 

Thus, as set out above, the date that an exemption under §505(i) of the Federal 
Food, Drug and Cosmetic Act became effective (i.e., the date that an investigational new 
drug application (IND) became effective for KALBITOR®) was February 8, 2002. 

(c) BLA Submission Date [35 U.S.G §156(g)(l)(B)(i); 37 C.F.R. 
§1.740(a)(10)(i)(B)I 

The BLA was submitted on a rolling basis. Accordingly, the initial portion of the 
BLA was submitted by Dyax to the FDA on December 31, 2007. The final portion was 
submitted on September 23, 2008, which is the date is used in the calculations provided 
herein. The BLA was assigned number BL 125277/0. A copy of the letter from the FDA 
acknowledging receipt of the BLA application is provided as Attachment M. 

(d) BLA Issue Date [35 U.S.C §156(g)(l)(B)(ii); 37C.KR. §L 740(a)(10)(i)(C)J 
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The FDA approved BLA 125277/0 authorizing the marketing of KALBITOR® 
on December 1, 2009. KALBITOR® was approved under the Department of Health and 
Human Services (DHHS) U.S. License No.: 1789. A copy of the approval letter from the 
FDA is provided as Attachment D. 
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(11) Summary of Significant Events During Regulatory Review Period 
[1.740(a)(U)] 

A brief description of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to KALBITOR® 
and the dates applicable to these significant activities are set forth in a chronology of 
events provided below. 



■HP 

^^^^^ 




■RPR! 








10-Jan-02 


BB-IND10232 submitted to FDA 


BB-IND 10232 


11-Jarv02 


BB-IND10232 received by FDA 


BB-IND 10232 


8-Feb-02 


BB-IND10232 in effect 


BB-IND 10232 


30-Apr-02 


BB IND 10426 submitted to FDA 


BB-IND 10426 


1-May-02 


BB IND 10426 received by FDA 


BB-IND 10426 


3(*-May-02 


Submission: Response to 29 May clinical teleconference 
BB-IND 10426 in effect 


BB-IND 10426 


31-May-02 


Submission: Response to 30 May teleconference 


BB-IND 10426 


21-Nov-02 


FDA Orphan Designation for HAE and AAE (Designation 02-1608) 


BB-IND 10426 


7-Feb-03 


Submission: IND Annual Report 


BB-IND 10232 


29rMay-03 


Submission: IND Annual Report 


BB-IND 10426 


20-Jun-03 


FDA Communication regarding transfer of biologic therapeutic products 
from CBER to CDER, 


BB-IND 10232 


26-Jun-03 


Submission: Reformatted Fast Track request 


BB-IND 10426 


5-Aug-03 


Communication from FDA: Fast Track denied 


BB-IND 10426 


4-Mar-04 


Submission: IND Annual Report 


BB-IND 10232 


8-Apr-04 


Teleconference with FDA regarding protocol 


BB-IND 10426 


13-May-04 


Submission: IND Annual Report 


BB-IND 10426 
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^^^^^^^^ 


10-Jun-04 


Call to FDA regarding Dyax press release describing topline results of 


pn iKin 
DD-IINU lUHtLO 


y Jul v*t 


Suhmi^ion* Revispd IB and informed consent 


BB-IND 10426 


29-Jul-04 


Call with FDA to discuss EDEMA2 treatments per patient 


BB-IND 10426 


31-Jul-04 


Call to FDA regarding Fast Track denial and request for re-examination 


BB-IND 10426 


9-Aug-04 


Submission: request for EOP2 meeting 


BB-INO 10426 


11-Aug-04 


Submission: Fast Track request resubmitted 


BB-IND 10426 


7-Sep-04 


Submission: Request for EOP2/Pre-BLA meeting 


BB-IND 10426 


21-Sep-04 


FDA phoned with suggestion on Fast Track designation 


BB-IND 10426 


24-Sep-04 


Submission: Fast Track request additional information 


BB-IND 10426 


18-Oct-04 


EOP2 meeting via teleconference 


BB-IND 10426 


22-Oct-04 


Call with FDA to discuss topics from EOP2 Meeting 


BB-IND 10426 


30-Nov-04 


Pivotal trial design telecon with FDA 


BB-IND 10426 


8-Dec-04 


Submission: Response to comments at EOP2 telecon 


BB-IND 10426 


10-Feb-05 


Teleconference with FDA to discuss design of pivotal study 


BB-IND 10426 


28-Feb-05 


Call to FDA requesting additional feedback on pivotal trial design 


BB-IND 10426 


i-Mar-05 

1 IVIOI V/ w 


Call to FDA to discuss EOP2 meeting delay due to further discussion on 
integrating intravenous and subcutaneous clinical programs. 


BB-IND 10426 


3-Mar-05 


Call from FDA to discuss plans for a meeting between Office of Orphan 
Drugs and ODE VI 


BB-IND 10426 


4-Mar-05 


Call to FDA to discuss recruitment in ongoing EDEMA2 study. 


BB-IND 10426 


4-Mar-05 


Orphan Office called to discuss meeting with ODE VI reviewers 


BB-IND 10426 


10-Mar-05 


Dyax called FDA to discuss the primary endpoint for EDEMA3 


BB-IND 10426 


30-Mar-05 


Submission: IND Annual Report 


BB-IND 10232 


29-Apr-05 


Teleconference discussing endpoint for EDEMA3 


BB-IND 10426 


26-May-05 


Submission: IND Annual Report 


BB-IND 10426 


14-Jul-05 


EOP2 meeting 


BB-IND 10426 


23-Sep-05 


Call with FDA to discuss IND reviews following FDA reorganization 


BB-IND 10232 


3-Oct-05 


FDA Communication: Comments to EDEMA3 protocol (eg DX-88/14) 


BB-IND 10426 


19-Oct-05 


Submission: Response to FDA comments for EDEMA3 study 


BB-IND 10426 


20-Oct-05 


Submission: DMSB report 


BB-IND 10426 
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27-Dec-05 



Submission: Information supporting the proposed modification of the Fast 
Track objective 



BB-IND 10426 



10-Feb-06 



Submission: New Fast Track request 



BB-IND 10426 



17-Mar-06 



Submission: INO Annual Report 



BB-IND 10232 



30-May-06 



Submission: IND Annual Report 



BB-IND 10426 



29-Aug-06 



Type B meeting 



BB-IND 10426 



3-Oct-06 



Meeting: Type B meeting 



BB-IND 10232 



18-Oct-06 



Submission: Request for Fast Track Designation 



BB-IND 10426 



20-NOV-06 



FDA Letter Fast Track approval 



BB-IND 10426 



9-Jan-07 



FDA sent comments to CTS clinical protocol DX88/16 



BB-IND 10232 



11-Jan-07 



FDA Communication: Meeting minutes from 13 Dec 06 meeting 



BB-IND 10426 



17-Jan-07 



Type A Meeting via teleconference regarding SPA for EDEMA4 



BB-IND 10426 



13-Feb-07 



Submission: Responses to FDA comments to CTS clinical protocol 
DX88/16 



BB-IND 10232 



9-Apr-07 



Submission: IND Annual Report 



BB-IND 10232 



29-May-07 



Submission: IND Annual Report 



BB-IND 10426 



13-Jun-07 



Submission: Type C Briefing Package for 16 July 2007 meeting to discuss 
Filability based on positive Phase 3 (EDEMA3) results 



BB-IND 10426 



12-Jul-07 



FDA Communication: Draft Responses to Questions for 16 July 07 
meeting regarding filing on EDEMA3 package 



BB-IND 10426 



1-Aug-07 



Submission: preBLA Type B Meeting Request 



BB-IND 10426 



9-Aug-07 



Submission: Proprietary name review request 



BB-IND 10426 



1-Oct-07 



24-Oct-07 



Submission: Pre-BLA Briefing Book for the October 30th, 2007 meeting 
FDA Letter: SPA Agreement 



BB-IND 10426 



BB-IND 10426 



30-Oct-07 



Pre-BLA meeting 



BB-IND 10426 



19-Nov-07 



Email to FDA requesting BLA number 



BB-IND 10426 



19-Nov-07 



Email submitting Dyax information to FDA to obtain BLA 



BB-IND 10426 



20-NOV-07 



FDA Letter: Assignment of BLA number 



BB-IND 10426 



20-Nov-07 



Assignment and confirmation of BLA from FDA 



BB-IND 10426 



20-Dec-07 



Submission: Rolling Review Request 



BB-IND 10426 



31-Dec-07 



Submission: CMC rolling submission 



BLA125277 
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18-Jan-08 



FDA Communication: Acceptance of submission of rolling sections of BLA 



BB-INO 10426 



27-Mar-08 



Submission: Nonclinical rolling submission 



BLA1 25277 



9-Apr-08 



Submission: IND Annual Report 



BB-IND 10232 



7-May-08 



Submission: IND Annual Report 



BB-IND 10426 



12-Jun-08 



Submission: Notification to FDA that BB-IND 10232 was transferred to 
Cubist Pharmaceuticals, effective 16June2008 



BB-IND 10232 



Submission: Copied to BB-IND 10426 the CMC and nonclinical 
submissions that had previously been submitted to BB-IND 10232. The 
submission ensured that from this point forward BB-IND 10426 no longer 
relied on BB-IND 10232 for CMC and nonclinical. 



13-Jun-08 



BB-IND 10426 



23-Sep-08 



Submission: Original BLA submission completed (starting PDUFA clock) 



BLA1 25277 



10-Oct-08 



Submission: Response to Office of Compliance questions 



BLA1 25277 



24-Oct-08 



Teleconference regarding Pre-Approval Inspection of drug substance 
facility 



BLA125277 



17-Nov-08 



Teleconference regarding Pre-Approval Inspection of drug substance 
facility 



BLA1 25277 



20-NOV-08 



FDA Letter Filing of the BLA including initial review comments/questions 



BLA125277 



8-Jan-09 



Teleconference regarding advisory committee topics 



BLA125277 



25-Mar-09 



FDA Action Letter. Complete Response 



BLA125277 



23-Apr-09 



Submission: IND Annual Report 



BB-IND 10426 



31-May-09 



Submission: BLA resubmission 



BLA1 25277 



5-Jun-09 



FDA Letter Acknowledgment of BLA resubmission receipt 



BLA125277 



5-Aug-09 



FDA fax with vial/carton comments 



BLA1 25277 



12-Aug-09 



Submission: Response to vial/carton label comments 



BLA1 25277 



4-Sep-09 



Communication from FDA indicating preliminary acceptability of 
tradename 



BLA125277 



7-Oct-09 



Teleconference regarding proposed REMS 



BLA1 25277 



16-Oct-09 



FDA Letter regarding REMS requirements 



BLA1 25277 



16-Oct-09 



FDA Communication with labeling comments 



BLA1 25277 



20-Oct-09 



Teleconference regarding labeling 



BLA1 25277 



26-Oct-09 



Submission: Proposed REMS with revisions per FDA Communication of 
16 October 2009 



BLA1 25277 
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1BI 




FDA Letter: B36 BLA acknowle<^n^P " ^ ^ 




29-Oct-09 






19-Nov-09 


FDA Communication with REMS comments 


BLA125277 


20-Nov-09 


FDA Communication with labeling comments 


BLA1 25277 


24-Nov-09 


Teleconference regarding post marketing requirements 


BLA1 25277 


1-Dec-09 


FDA Action Letter BLA Approval 


BLA125277 
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(12) Statement Concerning Eligibility for and Duration of Extension 
Sought Under 35 U.S.C. § 156 [37 CF.R. §L740(a)(12)J 

(i) Applicant is of the opinion that U.S. Patent No.: 7,276,480 Bl is eligible for 
extension of the patent term under 35 U.S.C. § 156 of 178 days and should be extended 
until December 1, 2023. It satisfies all requirements for such extension including: 

(a) 35 U.S.C. § 156(a) - U.S. Patent No.: 7,276,480 Bl claims KALBITOR®). 

(b) 35 U.S.C. § 156(a)(1) - U.S. Patent No.: 7,276,480 Bl has not expired before 
submission of this application. 

(c) 35 U.S.C. § 156(a)(2) - The term of U.S. Patent No.: 7,276,480 Bl has never 
been extended under 35 U.S.C. § 156(e)(1). 

(d) 35 U.S.C. § 156(a)(3) - The application for patent term extension is submitted 
by the owner of record of the patent in accordance with the requirements of paragraphs 
(1) through (4) of 35 U.S.C. § 156(d) and the rules of the Patent and Trademark Office. 

(e) 35 U.S.C. § 156(a)(4) - The product KALBITOR® has been subject to a 
regulatory review period before its commercial marketing or use. 

(f) 35 U.S.C. § 156(a)(5)(A) - The commercial marketing or use of the product 
KALBITOR® after the regulatory review period is the first permitted commercial 
marketing or use under the provisions of § 35 1 (a) of the Public Health Service Act under 
which such regulatory review period occurred. 

(g) 35 U.S.C. § 156(c)(4) - No other patent has been extended for the same 
regulatory review period for the product KALBITOR®. 

(h) This application is being submitted within 60 days of regulatory agency 
approval. 

(i) This application otherwise complies with all requirements of 35 U.S.C. § 156 
and all applicable rules and procedures. 
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(12)(ii) Applicant respectfully submits that the length of the extension of patent 
term for U.S. Patent No.: 7,276,480 Bl is 178 days pursuant to 35 U.S.C. § 156(c). 

The length of the extension was determined pursuant to 37 C.F.R. § 1.775 as 
follows (the remainder of this section (12)(ii) is numbered so as to correspond to the 
numbering in 37 C.F.R. § 1.775 ): 

(c) Thfe regulatory review period under 35 U.S.C. § 156(g)(1)(B) is a total 
of 2855 days, which is the sum of (1) and (2) below: 

(1) The period of review under 35 tf S.C. § 156(g)(l)(B)(i), which 
is the number of days in the period beginning on the date the exemption became effective 
(February 8, 2002) and ending on the date an application was initially submitted 
(September 23, 2008), which is 2420 days; and 

(2) The period of review under 35 U.S.C. § 156(g)(l)(B)(ii), which 
is the number of days in the period beginning on the date the application was initially 
submitted (September 23, 2008) and ending on the date such application was approved 
(December 1, 2009), which is 435 days. 

(d) The term of the patent as extended for a human drug, antibiotic drug or 
human biological product is determined by: 

(1) Subtracting from the number of days determined to be in the 
regulatory review period, which is 2855: 

(i) The number of days in the regulatory review period 
which were on or before the date on which the patent issued (October 2, 2007) which is 
2063 days; and 

(ii) The number of days in the period of (c)(1) and (c)(2) 
above during which applicant did not act with due diligence, which is zero (0) days; and 

(iii) One-half the number of days determined in 
subparagraph (c)(1) above after that period is reduced by subparagraph (d)(l)(i) and 
(d)(l)(ii) which, is [[2420-2063 -0]/2], or 178.5 days (wherein half days are to be ignored 
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for purposes of subtraction). 

Thus, the number of days determined in subparagraph (c) above (2855) is reduced 
by 2241 (2063-HM-178) days, for a total of 614 days; 

(2) Adding the number of days as determined in subparagraph (d)(1), (614 
days), to the original term of the patent (June 6, 2023) which results in the date of 
February 9, 2025. 

(3) By adding fourteen (14) years to the date of issuance of the Biologies 
License (December 1, 2009) which results in the date of December 1, 2023; 

(4) By comparing the dates for the ends of the periods obtained pursuant 
to paragrapghs (d)(2) and (d)(3) and selecting the earlier, which is December 1, 2023; 

(5) (i) Since U.S. Patent No.: 7,276,480 Bl issued after September 24, 
1984, by adding 5 years to the original expiration date of the patent or any earlier date set 
by terminal disclaimer, which results in a date of June 6, 2028; and (ii) By comparing the 
dates obtained pursuant to paragraphs (d)(4) and (d)(5)(i) of this section with each other 
and selecting the earlier date, which is December 1, 2023. 

Thus, the patent is entitled to extension until December 1, 2023. 

(13) Statement Pursuant to 37 C.F.R, § L740(a)(13) 

Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services any 
information which is material to the determination of entitlement to the extension sought, 
e.g., as that duty is defined in 37 C.F.R. § 1.765. 



(14) Applicable Fee [L740(a)(14)J 
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The prescribed fee for receiving and acting upon this application is attached as a 
check in the amount of $1,120.00. The Director is authorized to charge any additional 
fees required by this application to Deposit Account No.: 50/2762, referencing attorney 
docket number D2033-705812. 



(15) Name and Address for Correspondence [L740(a)(15)J 

All correspondence and inquiries may be directed to the undersigned, whose 

address, telephone number and fax number are as follows: 

Laurie Butler Lawrence 
Lando & Anastasi, LLP 
One Main Street 
Cambridge, MA 02142 
Phone: 617-395-7000 
Fax:617-395-7070 

Enclosed is a certification that the application for extension of patent term under 
35 U.S.C. § 156 including its attachments and supporting papers is being submitted as 
one original and two (2) copies thereof (Attachment N) in compliance with 37 C.F.R. § 
1.740(b). 

Respectfully submitted, 




B v : Y{i/jAaj rfa/riftmu 

Laurie Butler Lawrence, Reg. No.: 46,593 
LANDO & ANASTASI, LLP 
One Main Street 

Cambridge, Massachusetts 02142 
United States of America 
Telephone: 617-395-7000 
Facsimile: 617-395-7070 
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Attachments: 

Power of Attorney (Attachment A) 

Package Insert for KALBITOR® (Attachment B) 

U.S. Patent No.: 7,276,480 Bl, (Attachment C) 

Biologies License Approval Letter including enclosures(Attachment D) 
Terminal Disclaimer (Attachment E) 
Certificate of Correction (Attachment F) 
Maintenance Fees Status (Attachment G) 

Letter from FDA acknowledging receipt of the first IND (Attachment HI) 
Contact Report for DYAX-FDA Teleconference of February 8, 2002 (Attachment 

H2) 

Letter from FDA acknowledging receipt of the second IND (Attachment I) 

Letter from Dyax to the Center for Biologic Evaluation and Research dated May 
31, 2002 which summarized the May 30, 2002 telephone conference (Attachment J) 

Communication dated June 12, 2008 from Dyax Corp. to the Center for Drug 
Evaluation and Research discussing conveyance of BB-IND# 10232 to Cubist 
Pharmaceuticals (Attachment K) 

Communication from Dyax Corp. to the Center for Drug Evaluation and Research 
dated June 13, 2008, in which BB-IND#10426 was amended (Attachment L) 

Letter from FDA acknowledging receipt of the final submission of the BLA 
(Attachment M) 

Certification of Copies of Application Papers (Attachment N) 
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Power of Attorney 



\CHMENT A 



Docket No.: D2033-900J) 



1NTBE mnmStAtBSTATENTAmT^EMABKOFFlC& 



Cdfiaaissfoner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



REVOCATfON OF PRIOR POWERS OF ATTORNEY 

and 

NEW POWER OF ATTORNEY , 

Sfc - . / 

tne undeisigned, Dyax Qsp., a Delaware OHporation, asagneeof the entire right; tijie 
^*^^aHofthepal^arf 

p3l£atS ** P**™ 1 applications and L m any divisional, continuing, substitute, renewal, 

«aann^or». or nMssue ap^k^ 

Anastasi. LLP associated with Customer Nninben " 



37462 

ntscessaiy with regard' to die identified patents and patent applications, and witb regard -to any 
divisional, continning, sahstitutcrenewal or reissue applications thereof 

WeaseaddtessaBielephonecalbtoLa^ mm9S L 

7000. 

ttcaseforwarf aH cotresponden^ 
Cnstomer Number 



37462 




Executive Vice Resident of Adimmsfiatmn 



ASSIGNEE CERTIFICATION 
Attached to tins power is a Certificate Under 37 CFR 3.73(b). 



Laurie Bullerl^wrence* Reg. No* 46,593 
LOWfoE, LAMDO & ANASTASI, LLP 
Riverfront Office Park 
One Main Street x 
Cambridge, MA 02142 
(617)395-7000 
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Attachment B 



Package Insert for KALBITOR® 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include ail the information needed to use 

KALBITOR safely and effectively. See full prescribing information for 

KALBITOR. 

KALBITOR (ecaUantide) 
injection, for subcutaneous use 
Initial VJS. Approval: 2009 



WARNING: ANAPHYLAXIS 
See full prescribing information for complete boxed warning 

Anaphylaxis has been reported after administration of KALBITOR* 
Because of the risk of anaphylaxis, KALBITOR should only be 
administered by a healthcare professional with appropriate medical 
support to manage anaphylaxis and hereditary angioedema. Healthcare 
professionals should be aware of the similarity of symptoms between 
hypersensitivity reactions and hereditary angioedema and patients should 
be monitored closely. Do not administer KALBITOR to patients with 
known clinical hypersensitivity to KALBITOR [sec Contraindications (4), 
Warnings and Precautions (5 11), and Adverse Reactions (6)\. ' 



— INDICATIONS AND USAGE 

KALBITOR is a plasma kallikrein inhibitor indicated for treatment of 
acute attacks of hereditary angioedema (HAE) in patients 16 years of 
age and older. (1) 

DOSAGE AND ADMINISTRATION 

30 mg (3 mL), administered subcutaneously in three 10 mg (1 mL) 
injections. If an attack persists, an additional dose of 30 mg may be 
administered within a 24 hour period. (2. 1) 

KALBITOR should only be administered by a healthcare 
professional with appropriate medical support to manage 
anaphylaxis and hereditary angioedema. (2.2). 



DOSAGE FORMS AND STRENGTHS 

Single use glass vial containing 10 mgAnL of ecaUantide as a solution 
for injection. (3) 

CONTRAINDICATIONS 

Do not administer KALBITOR to a patient who has known clinical 
hypersensitivity to KALBITOR. (4) 

WARNINGS AND PRECAUTIONS 

Hyperseiisitrvity Reactions Including Anaphylaxis: Anaphylaxis has 
occurred in 3.9% of treated patients. Administer KALBITOR in a 
setting equipped to manage anaphylaxis and hereditary angioedema. 
Given the similarity in hypersensitivity symptoms and acute HAE 
symptoms, monitor patients closely for hypersensitivity reactions (5). 

ADVERSE REACTIONS— 

• The most common adverse reactions occurring in >3% of KALBITOR- 
treated patients and greater than placebo are headache, nausea, diarrhea, 
pyrexia, injection site reactions, and nasopharyngitis. (6) 

To report SUSPECTED ADVERSE REACTIONS, contact Dyax Corp. at 

1^888-452-5248 or FDA at 1-800-FDA-1088 or 

wwwfda.gov/medwatch 



See 17 for PATIENT COUNSELING INFORMATION and Medication 
Guide 

Revised: 12/2009 



FULL PRESCRIBING INFORMATION: CONTENTS* 
WARNING: ANAPHYLAXIS 

1 INDICATIONS AND USAGE 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended posing 

2.2 Administration Instructions 

3 DOSAGE FORMS AND STRENGTHS 

4 CONTRAINDICATIONS 

5 WARNINGS AND PRECAUTIONS 

5. 1 Hypersensitivity Reactions, Including Anaphylaxis 

6 ADVERSE REACTIONS 

6. 1 Clinical Trials Experience 

6.2 Immunogeniciry 

7 DRUG INTERACTIONS 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

8.2 Labor and Delivery 

8.3 Nursing Mothers 

8.4 Pediatric Use 

8.5 Geriatric Use 



10 OVERDOSAGE 

11 DESCRIPTION 

12 CLINICAL PHARMACOLOGY 

12. 1 Mechanism of Action 

12.2 Pharmacodynamics 
123 Pharmacokinetics 

13 NONCLINICAL TOXICOLOGY 

13. 1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

13.2 Animal Toxicology 

14 CLINICAL STUDIES 

16 HOW SUPPLIED/STORAGE AND HANDLING 

17 PATIENT COUNSELING INFORMATION 



♦Sections or subsections omitted from the full prescribing information are not 
listed. 
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FULL PRESCRIBING INFORMATION 



WARNING: ANAPHYLAXIS 

Anaphylaxis has been reported after administration of KALBITOR Because of the 
risk of anaphylaxis, KALBITOR should only be administered by a healthcare 
professional with appropriate medical support to manage anaphylaxis and 
hereditary angioedema. Healthcare professionals should be aware of the similarity 
of symptoms between hypersensitivity reactions and hereditary angioedema and 
patients should be monitored closely. Do not administer KALBITOR to patients 
with known clinical hypersensitivity to KALBITOR [see Contraindications (4), 
Warnings and Precautions (5.1), and Adverse Reactions (6)] 



1 INDICATIONS AND USAGE 

KALBITOR® (ecallantide) is indicated for treatment of acute attacks of hereditary 
angioedema (HAE) in patients 16 years of age and older. 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing 

The recommended dose of KALBITOR is 30 mg (3 mL), aclministered subcutaneously in 
three 10 mg (1 mL) injections. If the attack persists, an additional dose of 30 mg may be 
administered within a 24 hour period. 

22 Administration Instructions 

KALBITOR should only be administered by a healthcare professional with appropriate 
medical support to manage anaphylaxis and hereditary angioedema. 

KALBITOR should be refrigerated and protected from the light KALBITOR is a clear 
colorless liquid; visually inspect each vial for particulate matter and discoloration prior to 
administration. If there is particulate matter or discoloration, the vial should not be used. 

Using aseptic technique, withdraw 1 mL (10 mg) of KALBITOR from the vial using a 
large bore needle. Change the needle on the syringe to a needle suitable for subcutaneous 
injection. The recommended needle size is 27 gauge. Inject KALBITOR into the skin of 
the abdomen, thigh, or upper arm. Repeat the procedure for each of the 3 vials 
comprising the KALBITOR dose. The injection site for each of the injections may be in 
the same or m different anatomic locations (abdomen, thigh, upper arm). There is no 
need for site rotation. Injection sites should be separated by at least 2 inches (5 cm) and 
away from the anatomical site of attack. 

The same instructions apply to an additional dose administered within 24 hours. Different 
mjection sites or the same anatomical location (as used for the first administration) may be 
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3 DOSAGE FORMS AND STRENGTHS 



KALBITOR is a clear, colorless liquid fiee of preservatives. Each vial of KALBITOR 
contains ecallantide at a concentration of 1 0 mg/mL. 

4 CONTRAINDICATIONS 

Do not administer KALBITOR to a patient who has known clinical hypersensitivity to 
KALBITOR [see Warnings and Precautions (5.1)]. 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions, Including Anaphylaxis 

Potentially serious hypersensitivity reactions, including anaphylaxis, have occurred in 
patients treated with KALBITOR In 255 HAE patients treated with intravenous or 
subcutaneous KALBITOR in clinical studies, 10 patients (3.9%) experienced 
anaphylaxis. For the subgroup of 187 patients treated with subcutaneous KALBITOR, 5 
patients (2.7%) experienced anaphylaxis. Symptoms associated with these reactions have 
included chest discomfort, flushing, pharyngeal edema, pruritus, rhinorrhea, sneezing, 
nasal congestion, throat irritation, urticaria, wheezing, and hypotension. These reactions 
occurred within the first hour after dosing. 

Other adverse reactions indicative of hypersensitivity reactions included the following: 
pruritus (5.1%), rash (3.1%), and urticaria (2.0%). 

Patients should be observed for an appropriate period of time after administration of 
KALBITOR, taking into account the time to onset of anaphylaxis seen in clinical trials- 
Given the similarity in hypersensitivity symptoms and acute HAE symptoms, patients 
should be monitored closely in the event of a hypersensitivity reaction. 

KALBITOR should not be administered to any patients with known clinical 
hypersensitivity to KALBITOR [see Contraindications (4)1 

6 ADVERSE REACTIONS 

Hypersensitivity reactions, including anaphylaxis, have occurred in patients treated with 
KALBITOR [see Contraindications (4) and Warnings and Precautions (5.1)]. 

6.1 Clinical Trials Experience 

Because clinical trials are conducted under varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in practice. 

The safety data described below reflect exposure to KALBITOR in 255 patients with 
HAE treated with either intravenous or subcutaneous KALBITOR. Of the 255 patients, 
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66% of patients were female and 86% were Caucasian. Patients treated with KALBITOR 
were between the ages of 10 and 78 years. 

Overall, the most common adverse reactions in 255 patients with HAE were headache 
(16.1%), nausea (12.9%), fatigue (1 1.8%), diarrhea (10.6%), upper respiratory tract 
infection (82%), injection site reactions (7.4%), nasopharyngitis (5.9%), vomiting 
(5.5%), pruritus (5.1%), upper abdominal pain (5.1%), and pyrexia (4.7%). Anaphylaxis 
was reported in 3.9% of patients with HAE. Injection site reactions were characterized 
by local pruritus, erythema, pain, irritation, urticaria, and/or bruising. 

The incidence of adverse reactions below is based upon 2 placebo-controlled, clinical 
trials (EDEMA3 and EDEMA4®) in a total of 143 unique patients with HAE. Patients 
were treated with KALBITOR 30 mg subcutaneous or placebo. Patients were permitted 
to participate sequentially in both placebo-controlled trials; safety data collected during 
exposure to KALBITOR was attributed to treatment with KALBITOR, and safety data 
collected during exposure to placebo was attributed to treatment with placebo. Table 1 
shows adverse reactions occurring in >3% of KALBITOR-treated patients that also 
occurred at a higher rate than in the placebo-treated patients in the two controlled trials 
(EDEMA3 and EDEMA4) of the 30 mg subcutaneous dose. 



Table 1: Adverse Reactions Occurring at £3% and Higher than Placebo in 2 Placebo 
Controlled Clinical Trials in Patients with HAE Treated with kai ritor 


Adverse Reactions 


KALBITOR 
N=100 


Placebo 
N=81 


n(%)' 


n(%Y 


Headache 
Nausea 
Diarrhea 
Pyrexia 

Injection site reactions 
Nasopharyngitis 


8 (8%) 
5(5%) 
4(4%) 
4(4%) 
3 (3%) 
3(3%) 


6(7%) 
1 (1%) 
3 (4%) 
0 

1 (1%) 
0 


Patients experiencing more than 1 event with the same preferred terra are counted only once for that 
preferred terra. 



Some patients in EDEMA3 and EDEMA4 received a second, open-label 30 mg 
subcutaneous dose of KALBITOR within 24 hours following the initial dose. Adverse 
reactions reported by these patients who received the additional 30 mg subcutaneous dose 
of KALBITOR were consistent with those reported in the patients receiving a single 
dose. 



6.2 Immunogenicity 

In the KALBITOR HAE program, patients developed antibodies to KALBITOR Rates 
of seroconversion increased with exposure to KALBITOR over time. Overall, 7.4% of 
patients seroconverted to anti-ecallantide antibodies. Neutralizing antibodies to 
ecallantide were determined in vitro to be present in 4.7% of patients. 
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Anti-ecallantide and anti-P. pastoris IgE antibodies were also detected. Patients who 
seroconvert may be at a higher risk of a hypersensitivity reaction. The long-term effects 
of antibodies to KALBITOR are not known. 

The test results for the ecallantide program were determined using one of two assay 
fonnatsrELISA and bridging elect^^ As with all therapeutic 

proteins, there is a potential for immunogenicity with the use of KALBITOR. The 
incidence of antibody formation is highly dependent on the sensitivity and specificity of 
the assay. Additionally, the observed incidence of antibody (including neutralizing 
antibody) positivity in an assay may be influenced by several factors, including assay 
methodology, sample handling, tuning of sample collection, concomitant medications 
and underlying disease. For these reasons, comparison of the incidence of antibodies to 
KALBITOR with the incidence of antibodies to other products may be misleading. 

7 DRUG INTERACTIONS 

No formal drug interactions studies were performed. No in vitro metabolism studies 
were performed. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Pregnancy Category C 

There are no adequate and well-controlled trials of KALBITOR in pregnant women. 
KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 
Because animal reproductive studies are not always predictive of human response, 
KALBITOR should be used during pregnancy only if clearly needed. 

In rats, intravenous KALBITOR at an intravenous dose approximately 13 times the 
maximum recommended human dose (MRHD) on a mg/kg basis caused increased 
numbers of early resorptions and percentages of resorbed conceptuses per litter in the 
presence of mild maternal toxicity. No development toxicity was observed in rats that 
received an intravenous dose approximately 8 times the MRHD on a mg/kg basis There 
were no adverse effects of KALBITOR on embryofetal development in rats that received 
subcutaneous doses up to approximately 2.4 times the MRHD on an AUC basis, and in 
rabbits that received intravenous doses up to approximately 6 times the MRHD on an 
AUC basis. 

8.2 Labor and Delivery 

No information is available on the effects of KALBITOR during labor and delivery. 

8.3 Nursing Mothers 

It is not known whether ecallantide is excreted in human milk. Caution should be 
exercised when ecallantide is administered to a nursing woman. 
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8.4 Pediatric Use 

Safety and effectiveness of KALBITOR in patients below 16 years of age have not been 
established. 

8.5 Geriatric Use 

Clinical trials of KALBITOR did not include sufficient numbers of subjects aged 65 and 
over to determine whether they respond differently from younger subjects. In general, 
dose selection for an elderly patient should be cautious, usually starting at the low end of 
the dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac 
function, and of concomitant disease or other drug therapy. 

10 OVERDOSAGE 

There have been no reports of overdose with KALBITOR* HAE patients have received 
single doses up to 90 mg intravenously without evidence of dose-related toxicity. No 
deaths occurred in monkeys that received intravenous or subcutaneous doses up to 25 
mg/kg (approximately 22 times the MRHD on an AUC basis). 

11 DESCRIPTION 

KALBITOR (ecallantide) is a human plasma kallikrein inhibitor for injection for 
subcutaneous use. 

KALBITOR is a clear and colorless, sterile, and nonpyrogenic solution. Each vial 
contains 10 mg ecallantide as the active ingredient, and the following inactive ingredients: 
0.76 mg disodium hydrogen orthophosphate (dihydrate), 0.2 mg monopotassium 
phosphate, 0.2 mg potassium chloride, and 8 mg sodium chloride in water for injection, 
USP. KALBITOR is preservative free, with a pH of approximately 7.0, A 30 mg dose is 
supplied as 3 vials each containing 1 mL of 10 mg/mL KALBITOR. Each vial contains a 
slight overfill. Vials are intended for single use. Ecallantide is a 60-amino-acid protein 
produced in Pichia pastoris yeast cells by recombinant DNA technology. 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 

Hereditary angioedema (HAE) is a rare genetic disorder caused by mutations to 
Cl-esterase-inhibitor (Cl-INH) located on Chromosome 1 lq and inherited as an 
autosomal dominant trait HAE is characterized by low levels of Cl-INH activity and 
low levels of C4. Cl-INH functions to regulate the activation of the complement and 
intrinsic coagulation (contact system pathway) and is a major endogenous inhibitor of 
plasma kallikrein. The kallikrein-kinin system is a complex proteolytic cascade involved 
in the initiation of both inflammatory and coagulation pathways. One critical aspect of 
this pathway is the conversion of High Molecular Weight (HMW) kininogen to 
bradykinin by the protease plasma kallikrein. In HAE, normal regulation of plasma 
kallikrein activity and the classical complement cascade is therefore not present. During 
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attacks, unregulated activity of plasma kallikrein results in excessive bradykinin 
generation. Bradykinin is a vasodilator which is thought by some to be responsible for 
the characteristic HAE symptoms of localized swelling, inflammation, and pain. 

KALBITOR is a potent (Ki = 25 pM), selective, reversible inhibitor of plasma kallikrein. 
KALBITOR binds to plasma kallikrein and blocks its binding site, inhibiting the 
conversion of HMW kininogen to bradykinin- By directly inhibiting plasma kallikrein, 
KALBITOR reduces the conversion of HMW kininogen to bradykinin and thereby treats 
symptoms of the disease during acute episodic attacks of HAE. 

12.2 Pharmacodynamics 

No exposure-response relationships for KALBITOR to components of the complement or 
kallikrein-kinin pathways have been established. 

The effect of KALBITOR on activated partial thromboplastin time (aPTT) was measured 
because of potential effect on the intrinsic coagulation pathway. Prolongation of aPTT 
has been observed following intravenous dosing of KALBITOR at doses >20 mg/m 2 . At 
80 mg administered intravenously in healthy subjects, aPTT values were prolonged 
approximately two-fold over baseline values and returned to normal by 4 hours post- 
dose. 

For patients taking KALBITOR, no significant QT prolongation has been seen. In a 
randomized, placebo-controlled trial (EDEMA4) studying the 30 mg subcutaneous dose 
versus placebo, 12-lead ECGs were obtained at baseline, 2 hours and 4 hours post-dose 
(covering the time of expected CmaO, and at follow-up (day 7). ECGs were evaluated for 
PR interval, QRS complex, and QTc interval. KALBITOR had no significant effect on 
the QTc interval, heart rate, or any other components of the ECG. 

1 2.3 Pharmacokinetics 

Following the administration of a single 30 mg subcutaneous dose of KALBITOR to 
healthy subjects, a mean (± standard deviation) maximum plasma concentration of 
586 ±106 ng/mL was observed approximately 2 to 3 hours post-dose. The mean area 
under the concentration-time curve was 3017 ± 402 ng*hr/mL. Following 
administration, plasma concentration declined with a mean elimination half-life of 
2,0 ± 0.5 hours. Plasma clearance was 153 ± 20 mL/min and the volume of distribution 
was 26.4 ± 7.8 L. Based on a population pharmacokinetic analysis, body weight, age, 
and gender were not found to affect KALBITOR exposure significantly. Ecallantide is a 
small protein (7054 Da) and renal elimination in the urine of treated subjects has been 
demonstrated. 

No pharmacokinetic data are available in patients or subjects with hepatic or renal 
impairment 
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13 NONCLINICAL TOXICOLOGY 



13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

There are no animal or human studies to assess the carcinogenic or mutagenic potential of 
KALBITOR (ecallantide). 

KALBITOR had no effects on fertility and reproductive performance in rats at 
subcutaneous doses up to 25 mg/kg/day (approximately 21 times the MRHD on a mg/kg 
basis). 

13.2 Animal Toxicology 

Reproductive Toxicology Studies 

KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 

Treatment of rats with an intravenous dose of 15 mg/kg/day (approximately 13 times the 

MRHD on a mg/kg basis) caused increased numbers of early resorptions and percentages 

of resorbed conceptuses per litter in the presence of mild maternal toxicity. However, no 

development toxicity was observed in rats that received an intravenous dose of 

10 mg/kg/day (approximately 8 times the MRHD on a mg/kg basis). KALBITOR was 

not teratogenic in rats at subcutaneous doses up to 20 mg/kg/day (approximately 

2.4 times the MRHD on an AUC basis) and rabbits that received intravenous doses up to 

5 mg/kg/day (approximately 6 times the MRHD on an AUC basis). 

14 CLINICAL STUDIES 

The safety and efficacy of KALBITOR was evaluated in 2 randomized, double-blind, 
placebo-controlled trials (EDEMA4 and EDEMA3) in 168 patients with HAE. Patients 
having an attack of hereditary angioedema, at any anatomic location, with at least 1 
moderate or severe symptom, were treated with 30 mg subcutaneous KALBITOR or 
placebo. Because patients could participate in both trials, a total of 143 unique patients 
participated Of the 143 patients, 94 were female, 123 were Caucasian, and the mean age 
was 36 years. There were 64 patients with abdominal attacks, 55 with peripheral attacks, 
and 24 with laryngeal attacks. 

In both trials, the effects of KALBITOR were evaluated using the Mean Symptom 
Complex Severity (MSGS) score and the Treatment Outcome Score (TOS). These 
measures evaluated the severity of attack symptoms at all anatomical locations 
(MSCS score) and response to therapy (TOS). 

MSCS score is a point-in-time measure of symptom severity. At baseline, 4 hours, and 
24 hours, patients rated the severity on a categorical scale (0 = normal, 1 = mild, 
2 = moderate, 3 = severe) for symptoms at each affected anatomical location. Ratings 
were averaged to obtain the MSCS score. A decrease in MSCS score reflected an 
improvement in symptoms. 
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TOS is a measure of symptom response to treatment At 4 hours and 24 hours, patient 
assessment of response characterized by their change from baseline in symptom severity 
and collected by anatomic site of attack involvement, was recorded on a categorical scale 
(s lg mficant improvement [100], improvement [50], same [0], worsening [-50], significant 
worsening [-100]). The response at each anatomic site was weighted by baseline severity 
and then the weighted scores across all involved sites were averaged to calculate the 
TOS. A TOS value >0 reflected an improvement in symptoms from baseline. 

EDEMA4 

EDEMA4 was a randomized, double-blind, placebo-controlled trial in which 96 patients 
were randomized 1 :1 to receive KALBITOR 30 mg subcutaneous or placebo for acute 
attacks of HAE. The primary endpoint was the change from baseline in MSCS score at 4 

S°aTd^^ TOS * 4 hOUIS W3S a key secondar y endpoint Patients treated with 
KALBITOR demonstrated a greater decrease from baseline in the MSCS than placebo 
and a greater TOS than patients with placebo and the results were statistically significant 
(Table 2). At 24 hours, patients treated with KALBITOR also demonstrated a greater 
decrease from baseline in the MSCS than placebo (-1.5 vs. -1.1; p = 0.04) and a greater 
TOS (89 VS. 55, p = 0.03). « Kroner 



Table 2: Change in MSCS Score and TOS at 4 Hours 





KALBITOR 
(N=48) 


EDEMA4 


Placebo 
(N=48) 


EDEMA3 

KALBITOR 
(N=36) 


Placebo 
(N=36) 


Change in MSCS Score at 4 Honrs 








n 

Mean 
95% CI 
P-value 


47 

-0.8 
-1.0,-0.6 


0.010 


42 

-0.4 
-0.6,-0.1 


34 

-1.1 
-1.4,-0.8, 

0.041 


35 

-0.6 
-0.8,-0.4 


TOS at 4 Hours 












n 

Mean 
95% CI 
P-value 


47 
53 
39,68 


0.003 


42 
8 

-12,28 


34 
63 
49,76 

0.045 


35 
36 
17,54 



TOS: Treatment Outcome Score 
CI: confidence interval 



More patients in the placebo group (24/48, 50%) required medical intervention to treat 
06/48 1 3^ anpt ° mS WWlin 24 h0UrS com P ared to me KALBITOR-treated group 

Some patients reported improvement following a second 30 mg subcutaneous dose of 
KALBITOR, administered within 24 hours following the initial dose for symptom 
persistence or relapse, but efficacy was not systematically assessed for the second dose. 



9 



EDEMA3 



EDEMA3 was a randomized, double-blind, placebo-controlled trial in which 72 ™t,W« 
were randomized 1 -1 to reneiv*. K" at nr-rrm i i_ " lAl m wmcn patients 
wnc™ A , . 1 1 lo «cerve KALBITOR or placebo for acute attacks of HAE 
EDEM^ wassimilar in design to EDEMA4 with the exception o^ orderofSe 
prespecified efficacy endpoints. In EDEMA3, the primary Ldpomt wa^ m^Tot at 

decrease from baseline in the MSCS than placebo and a greater TOS to nadeS teated 
with placebo and the results were statistically significant fTable 2) 

fa addition, more patients in the placebo group (13/36, 36%) required medical 

KALBITOR-treated group (5/36, 14%). 

16 HOW SUPPLIED/STORAGE AND HANDLING 

KALBITOR (ecallantide) is supplied as 'three 10 mg/mL single-use vials oackaeed in a 
carton. Each vial contains 10 mg of ecaUantide. Each vial JLS^SS^S^ * 

• NDC (47783-101-01): 3 single-use vials in 1 carton 

KALBITOR should be kept refrigerated (2°C to 8°C/36°F to 46°F) Vials removed fi™ 

Protect vials from light until use. 

Do not use beyond the expiration date. 

17 PATIENT COUNSELING INFORMATION 

See Medication Guide 

hypersensinvity reactions. Patients should be advised that KALBITOR should be 
administer by a healthcare professional with appropriate medical support T 
manage anaphylaxis and hereditary angioedema. Patients who have known 
chmcal hypersensitivity to KALBITOR should be instructed not to receive 

ttl Tp ° f KALBIT0R - [~ *™* Warning Contraindications (4), and 
Warnings and Precautions (5.1)] 1 J 

• Patients should be advised to consult the Medication Guide for additional 

information regarding the risk of anaphylaxis and other hypersensitivity reactions. 
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Medication Guide 
KALBITOR® (KAL-bi-tor) 
(ecallantide) 

Read this Medication Guide before you start receiving KALBITOR and before each 
treatment There may be new information. This Medication Guide does not take the 
place of talking to your doctor about your medical condition or your treatment 

What is the most important information that I should know about KALBITOR? 

Serious allergic reactions may happen in some people who receive KALBITOR. These 
KALBrTOR* 0115 ^ life " threatening 311(1 maaU y ^PP^ within 1 hour after receiving 

• KALBITOR should be given to you by a doctor or nurse in a healthcare setting 
where serious allergic reactions and hereditary angioedema (HAE) can be treated 

• Symptoms of a serious allergic reaction to KALBITOR can be similar to the 
symptoms of HAE, the condition that you are being treated for. Your doctor or 

TwS^ 11 y0U for my Signs of a s*™™ a 1161 ^ «**ion after treatment 
with KALBITOR. 

• Tell your doctor or nurse right away if you have any of these symptoms of a 
serious allergic reaction during or after treatment with KALBITOR: 

■ wheezing, shortness of breath, cough, chest tightness, or trouble 
breathing 

■ dizziness, fainting, fast or weak heartbeat, or feeling nervous 

■ reddening of the face, itching, hives, or feeling warm 

■ swelling of the throat or tongue, throat tightness, hoarse voice, or 
trouble swallowing 

■ runny nose or sneezing 

What is KALBITOR? 

KALBITOR is a prescription medicine used to treat sudden attacks of hereditary 

angioedema (HAE). 

KALBITOR is not a cure for HAE. 

It is not known if KALBITOR is safe and effective in children under 16 years of age. 

Who should not receive KALBITOR? 

Do not receive KALBITOR if you are allergic to KALBITOR. 

What should I tell my doctor before I receive KALBITOR? 
Before receiving KALBITOR, tell your doctor if you: 

• KALBrrORT' 811 31161610 reaCti0n t0 KALBIT0R - ^ "Who should not take 

• are pregnant or plan to become pregnant It is not known if KALBITOR will harm 
your unborn baby. 

• are breast-feeding or plan to breast-feed. It is not known if KALBITOR passes into 
your breast milk. 



TeU your doctor about all the medicines you take, including prescription and 
non-prescription medicines, vitamins, and herbal supplements 

Know the medicines you take. Keep a list of them to show to your doctor and pharmacist 
when you get a new medicine. 

How will I receive KALBFTOR? 

For each dose you will receive 3 injections just under the skin (subcutaneous or 
injections) of your abdomen, thigh, or upper arm. 

What are the possible side effects? 

KALBITOR can cause serious allergic reactions. See "What is the most 
important information I should know about KALBITOR?"). 

Common side effects of KALBITOR include: 

• headache 

• nausea 

• diarrhea 

• fever 

• injection site reactions, such as redness, rash, swelling, itching, or bruising 

• stuffy nose * 

?Hr™ *°?i°o r o f0r advice ab0Ut side effects ' You re P° rt si <k effects to FDA at 
1 -800-FDA- 1 088. 

General information about KALBITOR 

Medicines are sometimes prescribed for purposes other than those listed in a Medication 
Jff m T™ 5 Medication Guide gives you the most important information about 
KALBITOR Ifyou would like more information, talk with your doctor You can ask 
your pharmacist or doctor for information about KALBITOR that is written for health 
professionals. 

What are the ingredients of KALBITOR? 
Active Ingredient: ecallantide 

Inactive ingredients: disodium hydrogen orthophosphate (dihydrate), monopotassium 
phosphate, potassium chloride, sodium chloride in water for injection. 

Manufactured for: Dyax Corp. 

300 Technology Square, Cambridge, MA 02 1 39 
Issued December 2009 

This Medication Guide has been approved by the U.S. Food and Drug Administration. 
U.S. License No. 1789 
©2009 Dyax Corp. 
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Figure 2 
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CG ACT TTT AAC GAC AAC TO AGA AGA Tea AAA AAC AAC 5AA TTA TTC GAA 

ACC AT6 AGA TTC CCA TCT ATC TTC ACT GCT 6TT TTG TTC GCT GCT 
H 5 F PSIFTAVI.PAA 

TCC TCT GCT TTC GCT GCT CCA GTT AAC ACC ACT ACT GAA GAC GAG ACT 
S 2 AX.A APVWTTTEPET 

GCT CAA ATT CCT GCT GAG GCT GTC ATC GGT TAC TCT 6AC TTC GAA GCT 
— 2 1 PAEAVIGYSPLBG 

GAC TTC GAC GTC GCT GTT TTG CCA TTC TCT AAC TCT ACT AAC AAC GGT 
5 I 5 VAVJ.PFSWST1THC 

TTG TTG TTC ATC AAC ACT ACC ATC GCT TCT ATC GCT GCT- AAG GAG GAA 
L L F * MITIASIA A K B E 



GST GST TCC CTC GAG AAG AGB 
G V 5 L S R 1 



GAG GCT ATS CAC TCT TTC TGT GCT TTC 
BAMBSFCAF 



A&G GCT SAC GAC GGT CCG TGC AGS GCT GCT CAC CCA AGA TGG TTC TTC 
KADDGPCRAAHPRHFF 

AAC ATC TTC ACG CGT CAA TGC GAG GAG TTC ATC TAC GCT GGT TGT GAG 
HIFTRQCEBFI TGGCE 

GGT ARC CAA AAC AGA TTC GAG TCT CTA GAG GAG TGT AAG AAG ATG TGT 
GHQHRFBSLBECKK WC 



ACT AGA GAC 
T R D 



EcoR x 

TAG TAA GAA TTC GCC TTA GAC ATG ACT GTT CCT CAG TTC 
* * 

* 3'AOXl 
ftftG TTG GGC ACT TAC GAG AAG 
3'AOXJ ~ 
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FIGURE 3A 



SBQ ID 2: (amino acids 3- 
SEQ ID 4: 
SEQ ID 5: 
SEQ ID 6: 
SEQ ID 7: 
SBQ ID 8: 
SEQ ID 9: 
SEQ ID 10: 
SBQ ID 11: 
•SBQ ID 12: 
SBQ ID 13: 
SBQ ID 14: 
SEQ ID 15: 
SBQ ID 16: 
SEQ ID 17: 
SBQ ID 18: 
SBQ ID 19: 
SEQ ID 20: 
SEQ ID 21: 
SSQ ID 22: 
BPTC (SEQ ID 29) : 
ITI-D1 (SEQ ID 30) : 
ITI-D2 (SEQ I© 3D . 
IACI-D1 (SEQ ID 32) : 
IACI-D2 (SEQ ID 33) : 
**CI-D3 (SEQ ID 34) • 
HKI B9 (SEQ ID 35) : 
C-3 (SEQ ID 36) : 
TFPI-2 Dl (SEQ ID *7> 
TFPI-2 D2 (SBQ ID 38) 
TFPI-2 D3 (SEQ ID 39) 
APP-I (SEQ ID 40) : 
BpiMB7 (SEQ ID 41) : 
BITI-B7-141 (SEQ IO 42)- 
MUTT26A (SEQ ID 43) : 
MOTQB (SEQ ID 44) : 
MUT1619 (SEQ ID 45) : 
BPI-HNE-2 (SEQ ID 46): 
EPI-HNE-2 (SEQ ID 47) - 
EPI-HNB-3 (SEQ ID 48) : 
EPI-HNE-4 (SEQ ID 49) - 
DPI14 KR (SEQ ID 50) ♦ 
DPI24 KR (SEQ ID 51) . 
0PI68 KR (SEQ ID 52) • 
DPI84 KR (SBQ ID 53) - 



60) MHS FCAPKA- DDGPCRAAHPRWFFNI FTROCEEPrVfir 

- - - -^SFCAPKA-DDGHCKAKHQRFFFNII^XEEFTVRr 
""'^f!^r a "^ H ^ LPR ^ IF ^BEFIYS 

""*SSJ^'^ CK ^ 0RFF?MIFT SFsyS 

MHSFCAKFA- DDQICKJftHLRFFFNI FTRQCBEFI YRG 

----^F^"n^^^ pRwraiFTR ^s;s 

- - - "^f rcftFKA-DDGPCRGAHI^FNJFT^^™ 

-w^owahprwpfniftrqceefsyS 

RPDFCLBPP-YTGPCKARIIRYPYMAKftGLCOTPVYtt* 

- - - -KBDSCQI^-SAGPCMGMTSRYPyS^S^ 

- - - -TVAACNLPI -VRGPCRAFIQL«APDaSSf2yS 

- - - -mhsfcaftca-djxjpckaimkrfffniftroSeeiyS 
----kpdfcfi^-dpgicrgyitrypynnq^Srpk^ 

--GPSWCLWA-DRmo^BNltFYY^^"™ 

- - - -^cafpm-ekgpcqtymtrwpfnfe^e^pS^ 

- - - ^icklpk-de«ixmfilkwyydpotksca^fwyS 

IPSFCYSPK-DEGr^SANVTRYYFNPRYPJCDAFTYTr 

---rni^seqa-btgpci^isrwfi>wegkSp^S 

- - - _R ^ f ^^^^~' S ^PCVAMFPRYFYKGTSMA^QTFVY^ro 

-- - -^fcqu»-sagpcwimfpryfywgtsma<Sfvyog 
-- - -^toqi^-sagpcwgmfswpySSSp^ 
eaearpdfci^pp-ytgix:iaffprypy^SSf^ 

-^^-^P^PPRHAPiaVKGKCVUTYGG 
'^^^^ ra ^R»«^VKGKCVLPPYGG 
BACNLPI - VRGPCIAPFPRWAFDAVKGKCVLFPYRr 

--eavi^cseqa-btgpciaffprwyfiivS^SyS 
--b^fcpi^-dpgicigffpryfyi^akSfvyS 

--EAETOlCKWK-DEGTCIAFFPRWmPOTSFV^ 
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PIGURB 3B 



SBQ ID 2: 
SBQ ID 4: 
SEQ ID 5: 
SBQ ID 6: 
SBQ ID 7: 
SBQ ID 8: 
SBQ ID 9: 
SBQ ID 10: 
SEQ ID 11. 
SBQ ID 12. 
SBQ ID 13: 
SEQ ID 14: 
SBQ ID 15: 
SBQ ID 16: 
SEQ ID 17; 
SBQ ID 18- 
S6Q ID 19: 
SBQ ID 20; 
SEQ ID 21: 
SBQ ID 22: 



(coat.) 
(coat.) 
(cont.) 
(cont- ) 
(coot.) 
(cont.) 
(cont.) 
(cont . ) 
(cont.) 
(coat.) 
(cent.) 
(cent.) 
(cont.) 
(cont. ) 
(cont.) 
(cont.) 
(cont.) 
(cont.) 
(cont.) 
(cont.) 



BPTI (SBQ ID 29) : 
ITI-D1 (SEQ ID 30) : 
ITI-D2 (SEQ ID 31) : 
LACI-Dl (SEQ ID 32) : 
IACI-D2 (SEQ ID 33) : 
LACI-D3 (SBQ ID 34) s 
HKI 89 (SEQ ID 35) : 
0*3 (SEQ ID 35): 
TFPI-2 Dl (SEQ ID 37) 
TFPI-2 D2 (SEQ ID 38) 
TPPI-2 D3 (SBQ ID 39) 
APP-I (SEQ ID 40) : 
EpiNB7 (SEQ ID 41) : 
BITT-B7-141 (SEQ ID 42) 
MWfT2€ft (SEQ ID 43) : 
MUTQE {SEQ ID 44) : 
MUT1619 (SEQ ID 45) ; 
EPI-HNE-1 (SEQ 10 46) ; 
EPI-HNE-2 (SEQ ID 47) ; 
EPI-KNB-3 (SEQ ID 48) I 
EPI-HKB-4 (SEQ ID 49) : 
DPI14 KR (SEQ ID 50) : 
DPI24 KR (SEQ ID 51): 
DPI68 KR (SEQ ID 52) ; 
DPI84 KR (SEQ ID 53) : 



(cont.) 

(cont.) 

(cone.) 

(cont.) 

(cont . ) 

(cont.) 

(cont.) 

(cont.) 

(cont.) 

(cont.) 

(cont.) 

(cont . ) 
(cont . ) 
: (cont.) 
(cont . ) 
(cont . ) 
(cont . ) 
(cont.) 
(cont.) 
(cont . ) 
(cont.) 
(cont . ) 
(cont . ) 
(cont . ) 
(cont . ) 



CEGNQ — NRFBSLEBCKKMCTRD 
CGGNQ- -WRFESLtEECKKMCTRD 
CGGNQ- -NRFESLEECKKNCTRD 
CAGNQ- -HRFESLSSCKKMCTRD 
CGGNQ- -NRPESLEBCXKMCTRD 
CGGNQ- -NRPESLEECJCKMCTRD 
CEGNQ- - NRFES LBECKKMCTRD 
CEGNQ- -NRPESLEECKKMCTRD 
CGGNQ--NRFESLEECKKMCTRD 
CGGNQ- -NRFBSLEBCKKMCTRD 
CGGNQ- -NRFESLBECKKMCTRD 
CGGNQ- -NRFESLESCRKMCTRD 
CGGNQ- -NRFESLBECKKMCTRD 
CGGNQ- -NRFESLBECKKMCTRD 
CGGNQ- -NRPESLEECKKMCTRD 
CGGNQ- -NRFESLEECKXMCTRD 
CGGNQ- -NRPESLEECKKMCTRD 
CGGNQ- -NRFESLEECKKMCTRD 
CGGNQ- -NRFBSLEBCKKMCTRD 
CGGNQ- -NRFBSLEBCKKMCTRD 
CRAKR- -NNPKSAEDCMRTCGGA 
CMGNG- -NNFVTEKECLQTCRTV 
CQGNG- - NKFYSEKECRBYCGVP 
CEGNQ- -NRFBSLEBCKKMCTRD 
CLGNM- -NNFETLEECKN1CEDG 
CGGNE - -NNPTSKQECLRACKKG 
CGGNS- -KNFLRKBKCEKFCKFT 
CGGNE- -NKFGSQKECEKVCAPV 
CEGNA — NMFYWEACDDACWRI 
CHRNRIENRFPDEATCMGFCAPK 
CGGND- -NNPVSREDCKRACAKA 
CGGNR — NNFDTBBYCMAVGGSA 
CMGNG- -NNPKSAEDCMRTCGGA 
CMGNG- -NNFVTEKDCLQTCRGA 
CMGNG- -NNPVTEKDCLQTCRGA 
CMGNG- -NNFVTEKDCLQTCRGA 
CMGNG- -NNFVTEKDCLQTCRGA 
CMGNG- -NNPKSAEDCMRTCGGA 
CQGNG - -NKPYSEKBCREYCGVP 
CQGNG- - NKPYSEKBCREYCGVP 
CQGNG- - NKFYSEKECRBYCGVP 
CGGNR- - NNFDTEEYCMAVCGSA 
CEGNA- -NNFYTWEACDDACHRI 
CLGNM- -NNFETLEECKNICEDG 
CGGNE- -NKFGSQKECEKVCAPV 
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PREVENTION AND REDUCTION OF fusion ^ « . 

LOSS ^ upon the fibrinolytic pathway. There is concern not 

onlyover such hyperacute thrambods 

RELATED APPLICATION ^I^^^ pe ™*\ bm also over graft patency after 

. ^CABG procedure. Furthennore, as a naturally occurring 

This application claims the benefit oflLS. application Ser ri^nt^ from bovine lung, administation of apro- 

No. 10/456,986, filed Jun. 6, 2003, now U^ pTrfc' ^ encrt severe hypersensitivity or ana- 

7,064,107, which claims the benefit from US ProvkifM»t ^ * ° anaphylactoid reactions after the first and, more 

Apphcation No. 60/387,239, ^T^.^tTu? ^» a^repe^t ad^strafion to patients. This *particu- 

ftovisbnal Application No! 60/407,003 filed Aug M to CA^T^ ° f P 3 * 3 * 5 

2002. * AUg - 10 ^1 CABG procedures. In addition, there is an increasing 

The entire teachings of the above applications are incor of Serial derived fiom 

porated herein by reference ^ moor bovme sources as a potential vector for the transmission of 

oovme spongiform encephalopathy to humans. 
BACKGROUND OF THE INVENTION tc 7^ concerns make clear that a need remains for more 

is effectiveand more specific means and methods forprevent- 
Pioteases are involved in a broad range of bioloeicaf m 8 <* educing perioperative blood loss and the onset of SIR 
pathways. In particular, serine proteases such as kalhW r A T^ ™ t °^f ry ™ Nation of the 

e *g-> general and focal ischemia, tumor invasion fikrm#tk/ -«_* - 

^.perioperative blood loss, and mflamri^tion^iSf intST ™ entl ° D * ^sed on the drscovery of peptides that 

specific serine proteases, therefore, have .ece^aSon v ^L^ZT^- ^ proteases »"* ^ 

as potential drag targets for various ischemic »ala«£^ S ^^^ V"^^ 

One such inhibitor, aprotinin (also called bovine panere- nTt^!^ perioperative blood loss and the onset 

atic trypsin inhibitor or BPTQ, obtained fiom bovhre^T mfiammatory response. Preferred kalfikrein 

hasbeenap^vedmmeUnftedsSo^^JS gKS^ESS *T ***•* m UA 

«. reducing perioperative blood loss and fceS^T 30 JffifSSS5S^*-¥r Ml ? , * it - *••—*«* 

fiBion m patients undergoing cardiopulmonarv bvnass are mcorporated herein by refcrence m ^ ent ^ 

(CPB), eg, in thecou^e ofa^roTy^ bS SSe'!^^"^ 10 *^ 0 ^^^ 
grafting procedure. Aprotinin is commercially available ^ compositions suitable for use in 

under the trade name TOASYMJL®^^^^ Ur^T* °- reducul g,? rio « ls i^emias, including but not 
Pharmaceutical Division, West Havenl C^n.) a^S M ^jT n ° J ^ ehl ^^^^ ODS ^^y^^ 
pxeviousfy approved for use to treat pancieatms. Tn7em^ S™^^ R5 *? nSe - ^P"*** Mood loss results 
tiveness of aprotmin is associated wTth^rebtivery^- SlT "J*** P rocedttres * contact acti- 

speeffic abilities to inhibit a variety of serine mote^S ""V 1 """* components and the coagulation/ 

ircluding plasma kallikrein and nlasmm. tw^ZJ "wmolysis systems. More specifically, the invention nro- 
are important in a number of pathways oftt^^^ vides methods of using kallikrein inhibitors to reduce or 
activation system (CAS). Pathways of the contact 40 prevent perioperative Mood loss and a systemic infem^- 

CAS is initially activated when whole blood contact* a- toyresponse m patients subjected to invasive surgical 
surface of foreign substrates (ST^nTl^^ pnjeedures, especially caidiothoracic surgeries. ^ 
sulfate, or damaged bone sJf&fg^^?^ fj^^"^ h directed to a ^ 

protease, is a plasma enzyme that inmates the CAScascade « .^T^™ S ° rl f ocm & ischemia in a patient comprising 
leading to activation of neutrophils, pl^^atuhtiT to the patient a composition comprSingl 

and various kinins. Kaffikre/bsec^e^T^SS SH^SE^^" - " "* 
(r^cal^)^^^^ ^ inactive ^SStil £m ^T^^S?* - ^XaalOXaall 
activated by a proteolytic event early in the con^Sa- SL^t ^^R*** 16 XaaI8 Xaal9 Xaa20 

be a very attractive approach to control blood loss associated So i?5 2 £^ X * 34 Xaa35 ^ °* Q» 

with CPB and the onset of systems inflamrnatoryiS^ S?^^^ 1 ^ 2 Xaa43 Xaa4 5 Xaa46 

(SIR) as would be er^untered druirife ^^0X^0^ ^tl^^!^ 50 ^ Xaa52 ^ ^54 Cys 

mvasivesumical procedures. ^*™° US ^f7Xaa58 (SEQ ID Nttl), wfaeran Xaal, Xaa? 

Despite being tJre only licensed ccmrrxi^ „ ^^ S ? aa5 1: Xaa57 , 0rXaa58are 

P«ioperatrve blood loss in CPB fa2«S SS " ^ Xaal 0 is an amino acid selected 

grafting (CABG) procedures, aprntim^n^as^dyS ^TJ^-^Z^T^ o£ ^ ^ Glu; Xaa 11 is an 

aswo^bee*pecteX^ ^^^^^^^^-^Ofy, 

the use of this bovine polypeptide in patients whoS S^f^^^L fc » ^ acid 

CPB, and in particular the use of this compound in CABG « St rl? ? ^v 0£A,6Bis ' fto ^ 

piDcodmes. Aprotinin is not specific fcfkX^ufS sScS'fi^ L ^ ^ Gin; XaaI5 is an amino acid 

mteracts with add, tional en^n^g plasn^JStipt St ^^1^1^ ° f ^ LyS ' ^ 

pathways. Thus, the mechanism of action of aorotinin s rJL V^f 'J^! and Gin; Xaa 16 is an amino acid selected 

largely speculative, and the lackofpre^nno^nSof £^7 &™f> Ab, Gly, Ser, Asp and Asn; 
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and lie; Xaa22 is an amino addsdLted the group eonsistrag of. Glu, Gry, Ala, Ser and Asp Xaa40 

from tbe group consisting of: Tyr and I^^nT^! c %zf* ® a" ammo acid selected from the stood 
™> acid selected from L gro£ cTrliS of^AsT AsnarKiGI^X^Sisanami^acidtS 

aod selected from the group corsistine ^OhniT^. P^ypeptjde inhibrts kallikrem. In a particular embodiment 

^selected irom^g™;^^;^^^^^ 0 -^example, cardiopulmonary bypass or coro^ar^ 

AJa,Asn,Glyand Leu; Xaa35 k an aminTacSSected' 5"? ^f^- ^ \ paiticu,ar «"*odima«, y£ 

from the group consisting of: Tyr, Trp a^^e^SaS^ of^f^^^f/-^ 10 ^ 1 ^^^^ 
a^dd selected from the group ZZZZS?™ 

Ala, Ser and Asp; Xaa40 is an amino addled torn the S P^^, ^-J 3 * 17 hMa - His, 
gro^ consisting of: Gly and Ala; Xaa43 is add 15 xSj^xSfcVV^ * °* *■» * 5 
selected from the group consisting of Asnand OhT v^s , Jf 35 T W X*a3 0 is Gin. 

is an amino acid selected ftomS^^^'^ ^.^"t, the invention is directed to a 

and Tyr; and wherein the polypeptide mWbh^S^L method for preventing or reducing the onset of systemic 

In a particular emr^emfSSe^a k Y dbuaB ^ a V response associated with a surgical pSTre 

blood toss doe to *m^SS^SSSS^l " administering to tt^nESTm! 

patient The s«rgi^lSSdu^^ P f c ^Z a £ 20 2T" "^f 8 3 P <rf W*^Xi 

surgery, such as, for eLnple, caXpSmor^vta^ or S JE^S^^^^^^^SS 

coronary artery bypass graffin^ ^ ° r ^ ^ P ™ y *° ^ Ala His Pro Arg Trp Phe Pte 

In a particular embodiment, individual amino acid oosi r^rS ^ Gb Cvs Glu Gra Phe lie Tyr Gly Gly 

bo a sofSEQIDNO:I canteor^ormc^ofTfonoS- 25 SS£? n ^t D t gPheGtoSerLeu< ^GfacS 

XaalO is Asp, Xaall is Asp, XaalJ is Pro S3 kTf ' ^?Jf!.^ Cys Thr Arg Asp (SEQ ID NO:2), wherein the 

Xaal6isAla,XaaI7 is S XaalS i S S 9 ^ poly F e ? bde "J*"* ^M*reir, In one embodiS^ 

Xaa21 is Trp, Xaa31 is S£ ££ k Sl 2S L^' f^f ""S^ is * carfioth »^ surgeryTsSTi X 
Xaa35 is Tyr, Xaa39 is Glu. ' JUa34 * De ' onhopulmonary bypass or coronVartery b^aw 

f^^P^^'^cn^^^l: ^ ^ ^ ducted toa 

inflammatory response assodatedwH, a s^c^ procSe c^f • ^ • ^ ° r Kdncin 8 iscte ^ * a patient 
m a patient comprising administering to SS^clm! ST^r^^ ^^^^^^coni- 
position comprising a wilypeDtidelom^rZ pnsmg a polypeptide consisting of the aminoaSd seouencfi- 

acidseo^SxaaSal^SSwS « 2" ^ *** Ser Phe Cys Ala PheLys Al^X^y 
Xaa9 ^XaalO Xaall Gly M^S^SSfSS? £ 

Xaal8 Xaal9 Xaa20 Xaa2l Xaa2ZX^X^XaS Thr Arg Gin Cys Gh» Gta Phe lie Tyr Gly Gry Cys Glu Gly 
Xaa26 Xaa27 Xaa28 Xaa29 Cvs xJ^Li?™! vfl GlnAsnAr g Phe Ghi Ser Leu Glu Glu Cvs i vs Lvs mm 

Xaa35 Gly Gly Cys S^S^fx^ ^^f^^^S^ 
Xaa44 Xaa45 Xaa46 Xaa47 Xaa48 Xaa49 Xaa^Cvt M In a particular embodiment, tteischemia 

Xa a 53 Xaa54C ysX aa56Xaa5fxS ( ^2r^ 40 ^J^T** ^ *- *" to a 
wherein Xaal, Xaa2,Xaa3, Xaa4,^56 XaaCTorX^i* P ^T^° n ^ fa «* ewbo^C^sm^ 

are each ^ ^ ad jt ^ c^TJl^^^^^^f-e^ 

amino acid selected from the group corJS oTa! ^°Pjtaonary bypass or coronary artery bvpass grafW 

Glu; Xaall is an amino JTJCTS ^^12 « ffl eS f aM ' 1,£r ^ inverZn^eStot 
««sfettog of: Asp, Gly, Sex; Val, A^He^a^drS Zt^J^^ W *e onset of systemic 

Xaal3 « an amino acid selected fro^ ^c^sisSS W ^~ I ^P onse ^.ted with a surgical prSre 
of Arg, His, Pro, Asa, Ser, Thr, Ala, GlyTyV^S L;t^L ? nS " 18 administeri °g to the patient a com- 
XaalS is an amino acid selected fh^the^coSsS StSp^^ of me amino 
of Arg, Lys, Ala, Ser, Gly, Met, Asn and Gin; XaalfiS so 7™ ^ ' ^ ^ ^ s ^ Lys Ala Asp 

ammo acid selected from the group consis^ofAla GW I^pS^a ^ ^ Pto ^Trp fte Phe Asi 

Ser, Asp and Asn; Xaal7 is an^L aS fiomS GIu^v^.^, T ^ »u ^ ^ Ue ^ G1 > G * Cvs 

^p c^isting of: Ala^ Asn, Ser, De, Gly, ^ 0^ S T^n^r^ ^ ^ G * Gin Cys Lyl 

Xaal8 is an ammo acid selected from the erouo consisting -^i ^ (amino acids 3-60 of SEQ ID 

f ^ ^ Ala; Xaal9 is an ammTac^S3 55 1^0^^. ^^L^* 5 kaffikreia - ^ <^ 

fiom the grom, consisting of: Pro, Gin, Leu, Asa ST s^ZTsS J%^^_P I ««dure is a cardiothoracic 

sele^' from' tS^ ^g^Tyr^ pT^S metS^ ™^ is directed to a 

ts an amino acid sdected frcm! fee group^S^o^S «> ^SSL for P^P^g or ledncmg ischemia in a patient 
and Phe; Xaa31 is an amino acid Sd^^toX * ^^It^T^^^^^^^ 
consisting o£ Glu, Asp, Gin, Asn, Ser, Ala, V^euTlK KsS^K ^TTf oftheam ^^ sequence: 

coasoslmgof:Gfa,Gin,AspAsn.PraThr r«i Atfrn,, Pro Arg Trp Phe Phe Asn lie Phe Tiff Are 

consisteg of: Thr, He, Ser, Val, Ala, Asn, Gry A^ T ^ GluGla< ^ ^ Lys Met Cys Thr 



US 7,276,480 Bl 

5 



the ischemia can be perioperative blood loss H»> -> .».„ • 

surgical procedure perforin the patient. W^rSdi C1C SU1 B«% e.g. cardiopulmonary bypass (CPB), such 

meal, the surgical procedure is a SSt" 2^^^?^ (CABG > P^nres- K's 

such as, for example, cardiopulmonary b^s^cZS ^ ^ Really for, e.g., pediatric cardiac surgery, 

artery bypass grafting. P ^ ^ W COTOnaiy c ^ transplantation, total hip replacement and orSk 

^ plantation, and to reduce or prevent perioperative 

BRIEF DESCRIPTION OF THE DRAWINGS SKittSSE^C 

HO- 1 is a simplified diagram of majormultiple pathways ^^JS^ 

and related events involved in the contact acti4ion sylem ,„ ^ f^f fe of «* <*«t area, most 

and systemic inflammatory response (SIR) that can arise in **** and ,Un ^- TyP^ <fiseases "^ated by 

a pat,em subjected to soft and bone tissue trauma such as ^^ ho f ,c surgery include coronary artery disease, 

^^° aated ^ a COmnai y bypass graffirS f the ^ «°phagus and cheTwaJx, 

(CABG) procedure, especially when U«CABGmSrrf ^ - VeSS f 1 ^ Valve ^normalities, and birth defects 

nwolves extracorporeal Wood citation, such J^o^ 15 Zt^f "? ^ «WS 

ulr^nary bypass (Bypass Apparatus). Arrows mrtc^act ^ ^ ° f Wood ,oss («*. «5*y- 

vadon from one component or event to another comport ^f^'^^).^ the onset of a systemic inflarrrrrratory 

or event in the cascade. Arrows in both directions rndjcTe res P onse < SIR ) 15 ««urred. Surgery-indited SIR can result 

aorvatmg effects of components or events in both directions ZJ^.JZF* ttf ction ^ s y stemic inflammatory 

Broken arrows indicate likely participation ofone^Hrrp^ 20 s 3^me; SKSX V 

^"aIT*-* activa,ion of component or Polypeptides Usefb] in the Invention 

nio^M ~r«r-Vc™ ~ . polypeptide of the invention in Knmtz domains (Guard, T. et al 1989 ISTatii^. tw^i* 
ptemdpPIC-KSOS. The inserted DNA encodes thematal- 520). The three Krnrtedornate of LAC! Z^'.^r!" 

SdcS ° f t^ 1 ^ 30 to inhibit kafli^aXu^t^ e^cS 

(ur^ned) fused m frame to the amino terminus of the affinity. Variants of Kuntedomain 1 L^o^2£S5 

P^Mn^i^f^^f ™ e «m>«ad«oo«enoBofuW enliancedaffiriityandsriecu^ityfsee. 

Nr>Z St^^!^ Wn m 1X1X6(1 re g k>n is SE Q © Nos. 5,795,865 and 6^T^^Z^S^nt 

!»r^ fl^YT y,. Nt>3 - The dashed arrows invention has the ammo add serruence defiri«t »,„ a «Jl! 
SSLftn^rT ^ °^ two PCR primer acids ^60 of SEQ ID NaT W by ^ 

SS^2L^r s e^7or^el Pro ^ aufSSTfi^"**^ 
rdese^nf the f^re cSSe! Z st^S 2^^ P °^T^^ kaI1 ^^^ 

tions of theV^r^vrSuXirS^ ftoracic surgery, e.g., CPB and especially CABG surgical 

^^38^^^ of antacid ^^h^a^ac^se^^^t^ 

L^a s^frTm^fhl^ ^JCW"*^^ 
o^rived^FO rn rS^T Ti. ^ Vanants were » libraries for the ability to bind kaDifaein. 

^^S^f^^^^^ la polypept^ useful Jn tl me^^ mposrtions 
hfghhghtwL Cysteme reSKfues ^ of ^ ^vention comprise a Kunite domain polypeptide 

cornpnsrng the amino add sequence: 

DETAILED DESCRIPTION OF THE « *S?^^J!^^ MMMx '**mto ■ 

as, for example, perioperative blood loss and/or a svsterr^ vlv. "T! hcran ' can be AsporGlo; 
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Asn, Ser, lie, Gly, VaJ, Gin or Thr- Xj«1» u„ a * 8 
Gin o, Ala; Xaal9 ca^ be f£ ^AsnArgPheGlu ScrLeuGluGluCysLysLvsMetCvs 

can beTrp, Phe, Tyr, His or He- Xaa3^ Gfo Asp (SEQ ID NO** ^M* Lys Met Cys 

£ ^ L«. Ik or'-SiSSSg'^ Cv^ ^ ^ CyS ^ ^ L ^ ^ Asp Asp Gfy His 

Asp Asn, Pro,Tbr,Leu,S«;AI a ,Glv or V^X«^? u ^ L ^ Ala Ser Leu Pro Arg Phe Phe Pie AsnJfe P^-tT 

He, Thr, Ser, VaL A^AsT^or W ^^^-^ 5 Gi * C ys Glu Glu Phe BeTTyr GtyG^CyTc^G^ ^ 

Tip or Phe; Xaa39^ beoK SSt 11? ? ^ Gin Asn Arg Phe Glu Ser L<* Gfo GtocS 2* £S£S 

acids Xaa6, Xaa7, Xaa8, XaaP^^j^'^ ^ Arg Asp (SEQ ID NO:7), ^^W* Met Cys 

Xaa26, Xaa27, Xaa28, ^ Sm Mel His Ser Phe Cys Ala Phe Lys Ala Asp Asp Glv His 

Xaa46,Xaa47, Xaa48, Xaa49 X^^xJsTv „ _J Ala Asn His Gin ArgPl^PheI>he^^Mi^! 

X*a54«n l-^^^£aj25£-; '° ^? n ^ D G ^^^^TyrG^G^GfyG^A^ 

four and at last three amino acids ofSPnmZ., GIn Asn Arg Phe Glu Ser Len Glu Gto Cvs r a* T J ^ 

optionally be pi esen t or absent ^ b^anTaSo J^f ^L**?** ( SEO - © NttS), '"^^^ Lys Met Cys 

if present i^u oe any amino acid, Met His Ser Phe Cys Ala Phe Lvs Ah A a n*. 

P^tidesdefinedaccordingfoSEOIDNO-1 f„ m . f Cys Lys Gly Ala His Leu Arg Phe Phe PheAsifS ££ 5? 

polypeptides that WaTTLDu^ p^cSl - f " A ^ <*» Cys Ghi Glu Phe De\yr Gty G^y^S^ 

prcfored enabodunent of the imSn, " l^SLL" ^ AsnArg Phe Glu Ser Leu Gfo Glu CyS lIs Set 

useful in the methods and con^itTo^VtheinS^^ Thr Arg Mp (SEQ ID NO:9% ^^^ys Met Cys 

^^vaxiabfepositiS ^ ^ C > s ^ Lys Ala Asp Asp Gly A* 

orVaJiXaaHcanbePro.Arg^His or Asn: X^ * Cys Lys Gly Ala His Leu Arg Phe Phe Phe AsnT p£ 
or Lys; Xaa 1 6 can be Ala orGl^n a , a 20 Arg Gin Cys Ghi Oh. Phe Ue Tyr G^ Glv^v^?^ 

orne;Xaal8canbeHi S> S'5S^^ n r ^^^^^^^^^^K^Sc^ 

orL^jX^lca^teTTorPhei^LSSiS W ID NftlO), ^ys MetCys 

be Gh, or Gin; Xaa34 can be I^TbTor &r Xaallt rN, ? H * ^ Cys Ala lie Lys Ala Asp Gly Glv Are 

sequences encompassed by SE^ i^^^^^ 40 Arg Gin Cys Gin Glu Phe S^TyrG^C^CvTo^ r^]^ 
HjePheAsnllePheThrArgGln Cys S, X^ol£ 45 ^tg Gin. Cys Glu Ghi Phe Ser TyrCHy Gly CysGIv Glv Aot 

Cys Lys Ala Asn His lL Arg ?L pL iS^L^ * ^ °in Cys Glu Gta Phe SerTyr Gfr ^CvTofc Gfv A^ 

Arg Gin Cys Glu Glu toT^Gfr GfcctTc* ^ ^^^GtoSerLea^GfaSSSS^ 
GbAsnAnjPheGluSerLeuGEGfaSrLr^^ ^ Arg Asp (SEQ ID NO: 17L '"^^^ Met Cys 
^^(SEQ^^^^^MetCys Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His 
Met His Ser Phe Cys Ala Phe Lys Ala Asn Asn nt,, «- Cys Arg Gly Ala Leu ProArgTrp Phe Ph^AsnfePte S 
Cys Lys AlaAsn His Gin Aig Phe PheF^eAsiflfe Phe Thr 60 r^?^^ Gln ^ Ser TyrGJy ^y^^s^Fy Gry Act 
Arg Gin Cys Gin Glu Phe Thr Tyr Gly Glv Cvs GlvO^ a 2° ^ ^ GJu ^ G lu Gh, Cys Lys LvImSc^ 
GlnAsnA^H^GluS^I^GluGtoC^SL^iSS^ Thr Arg Asp (SEQ ID NO:I8), ys Lys Lys Met Cys 

^ Asp (SEQ JDUO-SX ^ p Hh SerP^CysAla pteLysAla AspSerGlyAsn 



US 7,276,480 Bl 

9 

Thr Aig Asp (SEQ ID NO:2I), jr meiL,ys JcaUikrein inhibitory activity of die Knnhz domain nriri 

Met HisSerPhe Cys Ala Phe Lw Ala A» a« r*. *_ P °?! P ? tlde 503810 pndnfe USe Of the rohmentirfe. 

fi^which these variaoteT^e derived (STO©*^ S^^^^^-SS^ 

^W^«mu«l) amino acid, and coupling thereto of tte toS^ to process the fusSamoS 

carboxyl end of the next amino acid in ftet««^ ^ a «° provKie an active KI polypeptide useful inrtTJ^T 

poh^peptide. This amino ac,d is ^M^^^ -^^^3^,^^^ 

carboxyl group of the incoming ^o^dS^S^ prodriong recornbinani Kunhz donJn pohSerSS ™2 ^ 

^odiirnKle, a sym.netriS ^y^TT^ JX?!,* 0 * «* ** are nsefu, m fc . 

^*gxo«P such as h^xyben.oSre or ^ TOm P<f tions Ascribed herein ca^lrisS 

^phenyl esters. Preferred solid-phase rx^^^.wT , te 4,11,3,11 Polypeptide described herein ^ZTt? 

mefcods include the BOC aJS^lS^S^ * oom^e an addinoS &nW 2^ 

h™!^ me *° d ' Whicb UtUizes ^fimyStoSca^ a Sj^ 59r " ta ^ lnaI P™*** such addrttonal 
bonyl to protect the ^ha.-amino of the JnmnZ^7^ ™> acds do not sigmficantly diminish kallikrrWnKW^ 

art (Stewart, J. and Young, J, Solid-Phase Peptide Synthesis ^^T^ compositions described herein Such 

AItemative iy> Kunitz domain DofvoentHfee w «r* ^ example of a preferred Knnitz domain imfon***^ 

Kumtz domain polypeptides and KI pofy^tiS^M^ J* P-P"> JKSE 

^mpo^ons ^ methods of the'hSac^ £ aRi^ * ^ the yeSoJ 

vSTi ^l^iy acid molec^es com! ^2^^^^^ 

KU£j?-i2E!? for a Knnitz domain or S «, tee^asVpp , A ** (referred to 

potypeptrde desenbed herein, wherein the nucleic acid mol- m^S^2^^ fes ^^ s «l«^ofSEO 
e^e«n be mtegrated into and expressed from the^cSe - *»• 2)- ^ 

ofa hostannnaJ using transgenic rrrerjKrfs^S^ odf^SIS ^ P 0 *!***** useful in the meth- 

^I^ome cases, it could benecessary oradvamag^s £ atri^H^^^** herein have a biSnt 
a^tSr^^ 3 K^omainpoJyp^Sor 65 hSth^tS^ J? k • to 0rder ^ lOOoS 
^ngse.nencem an exp^ vector to foraafclM V^JCS^S^'S^SSSS^ 
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{Ascribed hereto indicate that nvo, wrt ~i *y 

example, aprotinin, Koo^^^L^^ «* well asTsjS^S btood 

55 can be Cys on^X ' 't' 3 °' 51 and 10 'S^^^ 8 ^ 

con^rlZT^S — ^ "*"> ac ^ » ""^St^lS? ^ for renting cr 

sequence, fa yet anofce,. prefeJd^^ f ^ extra^tpo^I cL^^!? 80,8,031 I****** 

a conservative or wa^n^Xe^^ ^ by 20 ^^on arepa&uSv^f?- 1116 methods <* the 

Conseivativean^aad^^^^^^b^t^ Inoperative Wood l^^l^ - PKrVentin 8 or Cueing 

may have no affect on protein fimcH^T^ structure and Preferred composifonTfeJ ofter canhac surgery. 
^a^snbs^as^J^^^rvative polypeptide *Stafs^-^« 
ammo acrf of dissimilar cLmical^^. ^ * aDO,ber 25 ^rther comprise one or ™„ ^ """P 05 " 10 ^ useful can 
«»served amino acid sudsSSST <>f buffers, ca5e7 a ^ e 2SJ^S^ Ceatica ^ ^^ble 

20 and/or 21 of Le S^^i!. 7 - CnWed ^^^4^^^ * ^ 

« "collectively, m any " "i"* 0 *** «^ed co^Sv ° f ^ 

respond to the corresponding positk^of^^TA^ TOA ^^ tb ^«*emi^v^l^ con »P«*ion 

Other positions, ibr\Lm n l™° fi^ ID NO " 2 " position, and/or ermar^^^f^ S *° rage of ^ «*» 

17, 18, 19, 2I,2£?g sVts^Ti?' ,3 ' ,5 ' 1<5 ' admir^LtiontoTSt^^^ upon 

be any of a selected « of ami™ 43 30(1 45 > described fc^c^S™ ^ to a H Polypeptide 

^esasetofpossSi^^ 1 ^^? 10 ^ 1 35 ^^enS^^cX^^^^^or 

^lbr^,!^^^"^^*, an additional prophySS ^J™ 1 *™*** ^ P rovi de 
and 55, and any one of a «vw^<u 

P°f"»°os 5, 14, 30, 51 of an invasive s^TZ^T 1 ^ 0 beae& IO a patient 

of the method inTOrveTusin^^^ ^ embod ^^ 55 SEOID NfM "^kotide sequence. NodeotidesT-lSOof 
Aan that of a broad range ^Lzpr^ZT* ^ ^ sequence of amino adds 3-6D of SEQTO 
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into a junctional messenger RN A (mitbiA\ ^!!^T CWC1M *- <-« «as been extensively used ia a variety of 

^^SSS^^SSIaSS! SSf^ Perfbnrarf ibr nearly half a century 
tide so produced c^^be^edS^ffiS" 5 ^k£TT J^"'"^ b * WeeB artificiaI 
Nudeic add molecules compri^ a nudSaddS^ fSn W ^ , 

Perioperative Blood Loss and Reduced Heart Bloodflow Wood transfusion. Aconsequence of drculating whole blood 
Due to the many advances in medicine, a number of T 0 "^ ^ extracorporeal circuit in CPB can also include 
highly invasive surgical procedures arc carried out each dav ^ ! * stem,c "jflammatory response (SIR), which is initiated 
that result in Mood loss, or place patients at a high risk for y < * mta ? acUvation of ™e coagulation and complement 
blood loss. Such patients most be carefully monitored to " I ^ mUch ° f and mortality asso- 

restore and maintain normal blood supply and heniostasis. c^ted with seemingly mechanically successful CPB sunocal 
and they may need blood transfusions. Surgical procedures P* oce dnres is the result of the effects of activating coagu- 
tfaat involve blood loss include those involving extra-corno- °^ fibrinolysis, or complement systems- Such activation 

^circulation methods such as cardiothoracic surKery, e!T ^damage the pulmonary system, leading to adult respi- 
CPB. In such methods, a patient's heart is stopped and the" 20 ra f ^ * st «^ syndrome (ARDS), impairment ofkidneyand 
circulation, oxygenation, and maintenance of blood volume ^anclmic circulation, and induction of a general coagul- 
are carried out artificially using an extracorporeal drcuit °Pa*y J^admg to blood loss and the need for transfusions, 
and a synthetic membrane oxygenator. These techniques are ^™ *? , ^ers of perioperative blood loss, 
commonly used during cardiac surgery. Additionally it is addmonaI pathologies associated with SIR include neu- 
apparent that surgery involving extensive trauma to 'bone 25 ID ^ 0gnrtIV ! deficits, stroke, renal failure, acute myocardial 
such as the sternal split necessary in CABG or hip replace-' mtatct ' w<i <»rdiac tissue damage, 
meat piocedures, is also associated with activation of the - Blo0< ? transfusions also present a significant risk of infec- 
CAS, which canresult in a variety of disruptions in the blood ^on and elevate the cost of CABG or other similar proce- 
and vasculature. drrres that require CPB. In the absence of any priarmaco- 

Atherosctaotic coronary artery disease (CAD) causes a ** J^^on, three to seven units of blood must 

narrowing of the lumen of one or several of the coionarv ^"^f expended on a patient, even with excellent 
arteries; this limits the flow ofblood to the myocardium fi e sut & cal techniques. Accordingly, there is considerable 
the heart muscle) and can cause angina, heart failure, and mceal ' ve for the development of new and improved pbar- 
inyocardial infarcts. In the end stage of coronary arterv « ^*B&Uy effective compounds to reduce or prevent 
atherosclerosis, the coronary circulation can be almost com- PC ^T^^ e bleeding and SIR in patients subjected to CPB 
pletefy occluded, causing life threatening angina or heart CABG procedures. 

^t^^^SSlS^SlS^ " ^.^ides described herein can be administered to 
^^JS^y^JSZ^S^ ^during, and/or after a surgical procedure in 

provklea^pass-axoundlhe^xA^nW^^ ^ a plrarmaceutrcalry acceptable composition. The term -phar- 
CABeSS^f^S?^^ -^ceutically acceptable" composition refers to a ■JSe 
important perioperative risk,^uhev L^fL f™? " **tmzybe administered to a patient, 

and morbidity of atherosclerotic «rl^tr^2? £25 "a^vT^,?*"* * ehM °^ 1 <* P*™o- 

Despite these very encouraging results. ^1^' SLf?^ ^ COm P os,,ion - *I polypeptides 

ceduies are fteq^mly^^^i,^!,^^ pTO " fescnT>ed Iierem can be administered 

increase in theSer S%££ l^^JZSZ 7 ^V^Tf ** **** ° f * ^kreuS^ 

second and even third V^^fTj^S^^ * ™f fe ( W P°^«es to a patrent including b« no, 

ity and morbidity seen in w^UXBG^^* t S systenuc admmistrations such as, for example, 

mcreased in these renk, procedure! P™*^ « ^^^mhalaton. Parenteral adrninistrationbpar^ 

stStXSr^c^^ 

nearly all CABG ptoceduresleXnJ^ Z^l^T^' lntramuscu farf y » intraperitonealry, or 

congenital heart disease, hearTtr^nSC^ l£Z t^^L^Tf™ admjnistration - 

aortic procedures, are stOl carried out oTrau^t^fn^w ^ ^T^ 5 ,ntravenoi « adrmnistration are 

by CPB. InCPB^ large carnS^aTinS^L?^^ f m ^ isotonfc buffer. Other phanna- 

vessels of a pauenr^lennft ^ ceuUcaHy acceptable earners include, but are not IhSto, 

oxygena^oSe^Sr^^^^ ^ 60 ^^'^1^°°' ^ 

blood is returned to the patient withom &w^Sm.i, ,S Si t P *f P ^ B *f akobal > ve S eta bfe oik, 

lungs, wlneh are hypoperftsed ^ ^^^t^ SS?^ ^ 

heart is stopped using Vcanhor^ sX ^alicicaci^paiamh, etc. Where necessary, the 

cooled to^preS brSn^e a^t^S „ Sr^^Sf^^ 1 " 1 

circulaling volume increased by^etocom^TS^ j^* 10 ^ as . hdoca3ne to ease pain at the site of the 
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phannaceuticalJy actable organic o/i^Sc^£ S2c m ^ W hum ? P 1 *** 44 3.0 

cation which do not dSeSfy ^ ST S e , J^^s sn ^ ^ Z7 ^ 

compounds. Generally, the ing^^^SteraS ti^Lf ml T"^ act ™ ted>2 -° I0.«p*»l J> 

either separately or mixed toget&^rl^Tsa^ fr^ W , ^ lMman Cls > a «ivated>2.0 .times. 

e^le^Tdry Iyophili^p^riatTL^cit S'ln ^ ^Pbsma factor XIa 1.0 

trate in a henneLn/sealed S^S^^^S 7 human plasma factor XIla>2.0 .times, 

or sachette indicating the quantiry^tJve^^^S! ,„ \« **! ™ 10 ^P- 8 *™ pJasmin 1.4 .times, 

mils. Wh^^mpoS k to^ES^S wrf? 894 ^.P^^ trypsin>2 .times. io.snp.7 

inrusion, it can be d^nsed wift * Su^S^ S ^1^*^ ^^^.0 .times. 10^.7 

taming sterile pharmaceutical grade ^^1^ iLT^^^f neutrophil elastase>2.0 .times, 

saline. Where the compositioVfe to bTa&uSS bv TTk ^ ***** phsma *™0>b>2.0 

injection, an ampo^fc ofsTerile wate^for in^„ 0 S m e I5 ^^T^V^, 10 ^ ^ t<fete «^ 

can be provided so that the ir«redients ca^^nxed^r ^ Peptide is highly specific for 

toadrrmtistration. "•greets can mixed pnor hun^ plasma telKkrem. Furthermore, the affinity (ICsub j, 

Preferably, the methods of the invention comprise admin ft! . ^^j* 10 °° *■»■ ^ 
jstering a Kl polypeptide to a patieTa^^v^ Sfita^^^^^^^^- 1 
mfusion according to any approved nrocednm TW Ti?t ,„ ^K^rein is about 44 pM (Table 1), whereas the ICsubj, 
polyp^oTde^ he ^^ » » 20 SSt l ^r >I * L1 ^ ' 

patient subjected to a CABG procedure atthltn^irrLr 31?!^!-^™^ 1000 ^ lower than that 
to those current* used m approved proScT^^ a^oSSa^'sic^^ 

tenng aprotinin and in an amount necessary to provide a ^^L^flf^ ^LT* pn T wle 3 accarate 
patient with a required number or concern cXSS „ of PEP-1 required in practice, Such 

inhibitory uniMKIU). According to^ utvenS^ JS?^ ? T ° fkallikrein ****** during 

polypeptide described herein canalso bTaZri^ »«» ^, P 31 ?™** P*ient, the concentration of kalfiS 

patieVin the inunedk^p^^t^^,^ SIR, and die bioavailability and phar- 

ing abnormahties can o£^7Z£^rf^ macotogKal d.stributjonof PEP-1 in a patient NevertrJfess, 
streameffectsofSIR.ForexampletiTa^o^i^ w ^ °Ih J^^T^ * to 
CPB.aKJpolypeptidedescrib^ * ap^l^e^r^^^^^^ 

to a patient as an initial loading dose, e<u Ineffective ZT^L .1 eXpected to P rov,de «g«nficant improve- 
amount over the course of a coLSt ti^Ich ^0 b^ZoST™^ ^ ^er affinity, 

injected into the CPB priming fluid Cp^^Z^L^ ^^^^^"^telySOOnM^ert^ 
The patient can then berfaced on ,i [wSSSE^SS ^ et aI -' ^Contact System and Its Disorders," in Blood: 
trolled intravenous info/on doTforXl^onlf r£ l*%££5? "JESS" ^ ^ « aL ' 
surgical procedure, and after the procedure if indited SJliLV^ °> > P^adelphia, 1995). If aD of the 

Currently mere are two regirner^r^ iT^Sted 40 l1S^Z^Z*?5*? " ^ ^ ° f ^ 

a^onSrX^^gTr.l Shinto « oft^Z^^ * concentration 
the pump prime whmte^mdSTOOOO ^rau^r^, r ° fkaUikrem ««P»ned to induce a SIR in a patienL If the 
surgeTZIL appTv^%^Ts™rhon^tJ eTT^T^^^^^^^^ 
intravenous loadmTdose, 1 iSkJ S Lo t£ pfe , 1L °^ toits ^ for kallikrem, 

prime vohnneCaod W IQU^er hourTsn^ryT IZL ?T t ^^ am t^ 86 OVer a P rotinin " ^ 
these regimens are based on KIU u^remVnen,^^^! amoun of protein that would be required to inhibit SIR. In 

specific activity and Kllfofa particular KlSy^P^ £ ^ * 1 ^ ^ 04 P M 

beendbteniimedbysta^as^&Sto ^^Tf 8 m ^ blood >> w ^reas, an aprotinin 

binding affinity aii inhibi,c> r y^ti^ r ^p^S^ "ni L^ ^ 24 

poh^peptides described herein^nt to^Sl 55 SS nL F<*ap^&in to inhibit 99% of 
expected mat such compositions and meflJoSl SfJS^f 1 1 ap ^ mm ooncentration in the 

don™. ^ Wlfe ^ ^ - ronc ««- For a patient undergoing CPB, an initial clinical dose of 

Several considerations regarding dosing with a Kl « n^l^^n < ? a!ed 3 rcromme " 1 «« *«e regimen 
polypeptide in methods of theinventLS i^Lrf S * ^2^° ° ^ 10jf ? 6 ^ above, 
way of example with the representative PEP I kTTiZJ^ ^f" 1 18 "» a Package insert to have as specific 

tide of the invention havin?SaS se^^/sBO S ° f 7 r 5J? U/m « deto « m °«> -singVdog 

Nt>2 (molecular weSrf7,0MSST^ ^ ^.P'^^y- Therefore, 1 .times. 1 ^up.6 KlUof 

Table 1, befow, ^ides a comnaaS' of the affinitv « ,0^ ^nT^^, 140 m8 ° f ^ ^ 1 tin ^- 

(Kjwbi^ofthePEP-l Kl wlSSor k^Sr^S ; ^tJ™ m f? KnJ/m g =,4 ° °« of aprotinin). In a 
eleven o to known ^ 0^2^ ^ ^ " bh>0d pbsina vohme of 5 ^ 140mg 

P " corresponds to approximately 4.3 onujM aprotinin (moleciT 
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S^srSBS set-—- — 

KI polypeptides to patients than for aDrorinT^^ eaco ^& FEP-1 was synthesized based on the nucleoid 

45 ic^uuon u^-KJ- fne linked synthetic DNA *>nr™4;«~ *«. 
<A Jlte «gat«m products were used to transform r*. a™-^ 
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Example 3 „ * ™ 

wnn, Amersham Pharmacia, Piscataway, NJ.)- The column 
w „ was then washed (50 mM acetic acid. nH=* n.* <r» ;„ 

M^mfeclareofPEP-, from Recombinant Yeast Cell Line ^owmodeto flash n^yeastc^^ftetc^db^ 
^Sjteroplasts of P. pastari, GS115 having the His4.sup.- 5 ^tor was raised above the expanded bed enhance 

t ^ sfonned wim *e expression plasmid ^t^J 1 *; fl ° W W3S ^ the bed was allowed to 

PPIC-1C503 (above) following linearization of the plasmid at "?* ^^P^ was moved down so that it was slightly 
Ae Sad sxte and homologous recombination of the plasmid abov * settled bed. The direction of the floTwas 
DNAmtothehostS' AOXI locos. The phenotype of the The effluent was collected Washing was continued 

production stab is His4^rp. + . The entire plasmid was 10 m a downwarf "rode using 50 mM sodium acetate, pH40 
inserted into the 5* AOXI genomic sequence of the yeast ^ efflueBt was PEp l was eluted from the 

Isolates from the txai^orirration were scr^ !°!l™"? S,Dg ^ ^ P« 6.0. The eluate was 

m the absence of exogenous histidine with methanol as the T k a ^ ,Iter «>ntainer. The eluate was then filtered 
sole carbon source. Greater than 95% of the transformants is a 022 m "- fi»w into a clean container located in the 

retained the wild-type ability to grow with methanol as the ?T Addi6 ™* ^mpJes were coDected for the 

sole carbon source, thereby demonstrating that the plasmid d * ermmaboa of PEP J concentration. A cation exchange 
had been inserted into the host genome by homologous ^ ma ^phy step was then performed using the filtered 
recombmation rather than transplacemenL These transfer- ^^^^ ^ C0,Umn - ^P-l was ehrted 

naate did not require exogenous histidine for growth 20 C ° i " mD " S,n8 15 mM trisodKum citrate, P H 6.2. 

thereby demonstrating that the plasmid had integrated into Additional proteins were removed from the PEP-1 preoa- 
ttehost genome. Selected colonies were cloned. Small hy Mrophobic interaction chromatography fHIQ. 

culmre expression studies were performed to identify clones ^ .*? the eluate from the cation exchange •column 
secreong *e highest levels of active PEP-1 into the culture 25 was ^ ammonium sulfate. The eluate was applied 

medrum. PEP-1 secretion levels in clarified culture super- * C "J""* PEP-1 was eluted using ammonium 

n^solutwns were quantified for PEP-1 levels by sodium ff 3 * 0-572 M) in potassium phosphate (1 00 mM) pH 70 
Sjf*l P0 ^ C,ylami(fe 8d electrophoresis (SDS- The eluate was collected in fractions based on A280 values! 

SSiSS^ ^ r °"T m """<*"«• »«< glycol » "-""a toteS==^S^SS±^S,^ 

30.degree. C+-0.2.degree. C. „ 

B ^ - Example 4 

fJ^^?^ Werepeif0nn « linacIosed lOOliterBraun 45 

glycerol was added for approximately TaS 50 S^T 06 cleavage of a 

tonal hours. * ^ substrate, prolylpherylalanylarguiy! amino methyl cou- 

A mixed feed phase, which lasted approximate* fa ^^f^^™™** o{kaSlik ™ was incubated with a 
hours, was then initiated by the addnSn^ZeS^S ^^^^^^^^^rdorse^Uy 
methar^feedAttheendcfdusm^ 5S ff 1 W Polypeptide test samples, in a suitable reacti J 

tonrinated. and the iennen^ contenTw^SS ^ * ZT"?^ ^ ^ was run in tripli- 

I»nfied water. The pnrification and P roc5r«of1^? nSedS^ was ^ and me plate Id 

consrsted of five steps as follows; (T) exrcmdS bedXv """f^ ^ 311 excrtation wavelength of 360 nm and 
^tography, (2) cation exchange cE*SX^i Z^T^^ ^ ^ ^ «^ ^ each of the 
hydrophobic interaction chromatography fflH^CLfil 60 ^^^f^^^Ie curves were required to have 
tration and diarrhxation, and (5) rSVtratio^anJpttt ° f * * COnsktercd vaJid - 

m & S J^fe trns^urvention has been particnlady shown and 

The initial purifeation step insisted of exnanded bed ^^^^T^ l ° P Kfemd «rmodiments thereof, 

chromatography. The dmrted fenr^ercX^^lS k ^ w f ,stood byhose skilled in the art that various 
to the equilibrated column pac^ft ^JnTsp ^ " ^ toaik ^ be n^ade therein 

(Amersham P^cia Strea^.e 200 ch^^^ mTa^SdTc^ ° f ^ -orrrpassed by 



SEQUENCE LISTING 
<160> BOMBER OF SBQ XD NOS; 54 

<210> SEQ ID HO 1 

LENGTH: 58 
<212> TYPE; CRT 

S E™? 8 **«e» 

^ S^^™^ ^n-Ptiae inhibiting KaXli^i. 
<221> NAME/KEY s VARIANT 
<222> LOCATION* 12 3 4* 

^ 42, 44, ;*/ 47 ; 48, V'sJ' I' *' 20 ' 24 ' 2S ' 2^ 27, 28, 29, 41, 

<223> OTHER INFORMATION: Xaa « am, * % ' 5 . 4 ' 56 ' 57 ' 58 

<220> FEATURE; Y 3181110 acid 

<221> RAMB/KET* VARIANT 

<222> LOCATION; 10 

<223> OTHER IHFORMATION- Xaa = 

<220> FEATURE? *** or G1 * 

<221> NAME/KEY; VARIANT 

<222> LOCAT ION; 11 

<223> OTHER INFORMATION: Xaa « ^ 

<220> FEATURE: Gl *' Val, Asn, U e, Ala or Thr 

<221> NAME/KEY: VARIANT 
<222> LOCATION r 13 

<223> OTHER INFORMATION- Xaa - Ara Mi„ o_ 

Itfs or Gin HXB ' Pro ' Asn, Ser, Thr, Ala, Glv 

<220> FEATURE; 
<221> NAME/KEY; VARIANT 
<222> LOCATION: 15 

^23j> OTHER INFORMATION: Xaa ~ Ara »t 

<220> FEATURE r **** Ly5 ' Ma ' Ser. Gly, Met, Aen or Gin 

<221> NAME/KEY: VARIANT 
<222> LOCATION; 16 

<223> OTHER INFORMATION; Xaa ~ Ala cl v c 

<220> FEATURE; ' G1 y* S **V Asp or Aen 

<221> NAME/KEY; VARIANT 

* 222> LOC&TIOH » 17 

<223> OTHER INFORMATION r Xaa - Ala « 

<220> FEATURE* Afin ' He, Gly, Val, Gin or Thr 

<221> NAME/KEY; VARIANT 
<222> LOCAT ION; 18 

<223> OTHER INFORMATION; Xaa = His r«, r-i 

<220> FEATURE- ' ***** Gln or Ala 

<221> NAME/KEY; VARIANT 

<222> LOCATION; 19 

<223> OTHER INFORMATION; Xaa = Pro Gl« r 

<220> FEATURE; r °' Gln ' Asn or He 

<221> NAME/KEY ; VARIANT 

<222> LOCATION; 22 

<223> OTHER INFORMATION; Xaa - «p™ Dk 

<220> FEATURE; Phe ' T/r, His or He 

<221> NAME/KEY; VARIANT 
<222> LOCATION: 22 

<223> OTHER INFORMATION; Xaa « Tvr or 
<220> FEATURE; ^ or Phe 

<221> NAME/KEY; VARIANT 
<222> LOCATION: 23 

<223> OTHER INFORMATION; Xaa - Tvr or Ph. 
<220> FEATURE: ^ or Pfae 

<221> NAME/KEY; VARIANT 
<222> LOCATION; 31 

<223> OTHER INFORMATION; Xaa ~ Gin ^ 

He or Thr G1 "' Gln ' Aen, Ser, Ala, Val, Lea 

<220> FEATURE: ' 
<221> NAME/KEY; VARIANT 
<222> LOCAT I0Wr 32 

<323> OTHER INFORMATION; Xaa - Gin G1« » 

Ala, Gly or Val ' Gln ' A *»* Pro, Thr, Le«, S er 

<220> FEATURE; ' 
<221> NAME/KEY; VARIANT 
<222> LOCATION; 34 



<223> 0«HER INFORMATION; Xaa = Thr ti 
<220> FEATURE; *** = ^ IZe ' Val, Ala, A*n, Gly or Leu 

<221> NAME/KEY; VARIANT 
<222> LOCATION: 35 

<223> OTHER INFORMATION; Xaa « Tvr Tm 

A Y r r Trp or Phe 
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-continued 

<220> FEATURE; 



<221> HAME/KEY: VARIANT 
<222> LOCATION; 39 

<223> OTHER INFORMATION: Xaa - Glu, Glv Ala *»r ^ 
<220> FEATURE: ' X *' Ser or Ae P 

<22l> NAME/KEY r VARIANT 
<222> LOCATION: 40 

<223> OTHER IHFC5WATI0N : Xaa - Gly or Ala 

<220> FEATCRBi 

<221> SAME/KEY; VARIANT 

<222> LOCATION: 43 

<223> <*HER INFORMATION s. Xaa = Asn or Glv 

<220> FEATURE: 

<221> NAME/KEY s VARIANT 

<222> LOCATION: 45 

<223> INFORMATION: Xaa = Phe or Tyr 

<400> SEQUENCE; I 

Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Gly Xaa Cys Xaa Xaa 
5 10 ^ 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa 
20 25 30 

Phe Xaa Xaa Gly Gly Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
J * 4 ° 45 

Xaa Xaa Cys Xaa Xaa Xaa Cys Xaa Xaa Xaa 
50 55 



<210> SEQ XD NO 2 
<211> LENGTH: 60 
<212> TYPE: PRY 

<213> ORGANISMS Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION; Isolated Binding Peptide 
<400> SEQUENCE: 2 



T *** HiE <T PhQ M " Lye Ala Asp Asp Gly Pro Cys 

10 15 

Arg Ala Ala Hi* Pro Arg Trp Phe Phe Asa He Phe Thr Arg Gin Cys 

25 30 

Glu Glu Phe He Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu 

40 45 

Ser Leu Glu Glu Cys Lys Lye Met Cys Thr Arg Asp 

50 3 ~** 



<210> SEQ XD BO 3 
<211> LENGTH? 179 
<2I2> TYPE s DBA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION; Coding Sequence of Pep-1 
<400> SEQUENCE: 3 

gaggctotgc actctttrtg tgcttteaag gctgacgac, gtcgtgcaga gctgeteacc 60 
caagatggfct cttcaacatc ttcacgcgtc aatg c gagga gttcatetac ggtggt tg *g 120 
-gggtaacca aaacagatte gagtctctag aggagtgtaa gaagatgtgt actagagac 179 

<210> SEQ ID BO 4 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 4 



25 
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-continued 



Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Lye Ala 
5 10 



15 



Asn His Leu Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Abu Arg Phe Glu Ser Leo 
3S 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SBQ ID HO 5 
<211> LENGTH z 58 
<212> TJPEs PRT 

<213> ORGANISM? Artificial Sequence 
<220> FEATUREr 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 5 

Met His Ser Phe Cys Ala Phe Ly S Ala Asp Asp Gly His Cys Lys Ala 
5 1° 15 

Asn His Gin Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe Thr Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SBQ D NO 6 
<2U> LENGTH t 58 
<212> TYPEs PRT 

<213> ORGAMSM: Artificial Sequence 
<220> FEATURE: 

<e223> OTHER INFORMATION r Isolated Binding Peptide 
<400> SEQUENCE: 6 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala 
1 5 10 



15 



Asn His Gin Arg Phe Phe Phe Asn Xle Phe Thr Arg Gin Cys Glu Gin 
20 25 30 

Phe Thr Tyr Gly Gly Cys Ala Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<2Z0> SBQ ID MO 7 
<21I> LENGTHS 58 
<2I2> TYPE? PRT 

<213> ORGANISM i Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATICS: Isolated Binding Peptide 
<400> SEQUENCE: 7 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala 
1 5 10 -i 



15 



Ser Leu Pro Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 
20 25 30 

Phe He Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



27 
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-continued 



<210> SEQ ID NO 8 
<211> LENGTH? 58 
<212> TYPE* PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS Isolated Binding Peptide 
<400> SEQUENCE: 8 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lye Ala 
15 10 is 

Asn His Gin Arg Phe Phe Phe Aen lie Phe Thr Arg Gin Cys Glu Glu 
20 25 3 0 

Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 



Leu 



<210> SEQ ZDRO 9 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE r 

<223> OTHER INFORMATIONS Isolated Binding Peptide 
<400> SEQUENCE Z 9 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Gly 
5 10 i 5 

Ala His Leu Arg Phe Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 



20 25 



30 



Phe lie Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser Leu 
3S 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID BO 10 
<2ll> LENGTHS 58 
<212> TYPBs PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS Isolated Binding Peptide 
<400> SEQUENCE i 10 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Arg Cys Lys Gly 
1 5 10 15 

Ala His Leu Arg Phe Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 



20 25 



30 



Phe lie Tyr Gly Gly Cys Glu Gly Asn Gin Asn Arg Phe Glu Ser 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 11 
<211> LENGTHS 58 
<212> TYPE: PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS Isolated Binding Peptide 
<400> SEQUENCE r 11 



Leu 



Met His Sex Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg Cys Arg Gly 

15 



1 5 10 



Ala His Pro Arg Trp Phe Phe Asn He Phe Thr Arg Gin Cys Glu Glu 
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25 



-continued 

30 



Phe Ser Tyr Gly Gly Cys Gly Gly As. Gin Asn Arg Phe Gl« Ser Leu 

40 45 
Glo Glu Cys Lys Lys Met Cys Thr Arg Asp 

<210> SEQ ID HO 12 
<2ll> LENGTH: 58 
<212> TYPE: PRT * 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: ^guence 

<223> OTHER INFORMATION: Isolated Binding Peptide 

<400> SEQUENCE: 12 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala 

10 15 

Ala His Pro Arg Trp Phe Phe As* lie Phe Thr Arg Gin Cys Glu Glu 

25 30 
Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu 

40 45 
Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 

<210> SEQ ID HO 13 
<211> LENGTH t 58 
<212> TYPE: PRT 

<213> ORGANISM r Artificial Sequence 
<220> FEATURE: 

<223> ° THER IHPORMATIOWt Isolated Binding Peptide 
<400> SEQUENCE: 13 

^ His Ser Pl« cys Ala Phe ly* Ma ^ Val Gly ^ ^ ^ ^ 

10 15 
Ma His Pro Arg Trp Phe Phe Asn Ile Phe Thr flrg Gln ^ Glu G1 „ 

25 30 
Phe Ser Tyr Gly Gly Cys Gly Gly Asa Gin Asn Arg Phe Glu Ser Leu 

40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 

<210> SEQ ID NO 14 
<211> LENGTH: 58 
<212> TYPE t PRT 

<213> ORGANISM r Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS Isolated Binding Peptide 
<400> SEQUENCE r 14 

«e* His Ser Phe Cys Ala Phe Lys Ala Asp Vol Gly Ar, Cys Arg Gly 

10 15 

Ma Gla Pro Ar, Phe Phe phe As» rle Phe Thr Arg GIo Cys Glu Glu 

25 30 
Phe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Ar, Phe Glu Ser Leu 

40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 15 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



31 
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—continued 

<220> FEATURE: 

<223> OTHER INFORMATION r Isolated Binding Peptide 
<400> SEQUENCES 15 

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Ser Cys Ary Ala 

10 15 

Al0HiB " U ^ PhQ Pte »• Phe ^ A^ Gin Cya Glu Glo 

25 30 
Phe ser gr Gly G i y Cys Gly , y Asn Gln ^ ^ phe ^ ^ ^ 

40 • 45 

Glu Glu cys Lys Lys Met Cys Thr Arg Asp 
50 55 

<210> SBQ ID NO 16 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE r 

<223> OTHER INFORMATION! Isolated Binding Peptide 
<400> SEQJOERCE: 16 

Met His Ser Phe Cys Ala Phe lyB Ma clo &y Gly Ser ^ ^ ^ 

10 15 

Ma ai s oi„ ^ xrp Phe Phe ^ pho ^ ^ 

25 30 
Phe Ser £r ol y Gly eye Gly GJy Gla _ ^ pha ^ ^ ^ 

Glu Glu cys Lys Lys Met Cys Thr Arg Asp 
50 55 

<2I0> SBQ ID MO 17 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE r 

<223> OTHER HJFORMATIOH : Isolated Binding Peptide 
<400> SEQUENCE: 17 

Met Hie Ser Phe Cys Ala Phe Ala Asp Asp Gly Pro C yG Ar g G ly 

10 15 
Ala Hi* ^ Ar 9 Phe Phe Phe Aen tie Phe Tkr Ar, G l» cys Gl„ G l tt 

Phe Ser *yr oly Gly Cys Gly « y to Gln ^ ^ phe ^ ^ ^ 

40 45 

Glo Gln cys Lye Lys Met Cys Thr Arg Asp 
50 55 



<210> SBQ ID MO 18 
<211> LENGTH; 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION; Isolated Binding Peptide 
<4G0> SEQUENCE: 18 

Met His Ser Phe Cys Ala Phe Lve ai« a « » 
1 5 Lys JUa Asp Gly His Cys Arg Gly 

10 15 
Ale Le» Pro Ar g ,rp Phe Phe Aso lie Ph e Thr Ar, Ola Cys CUo clu 

25 30 
PI- Ser ^ Gly Gly cys Gly Gln ^ ^ ^ ^ ^ 

40 45 



33 
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-continued 



Gin Glu Cye Lye Lys Met Cys Thr Arg Asp 
SO 55 



<210> SEQ ZD HO 19 
<2ll> LENGTH: 58 
<212> TYPE i pay 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<4O0> SEQUENCE: 19 

«et His Ser Phe Cys Ma Phe Ly E Manser Gly AsnCysAr, Gly 
5 «• IS 

^le.tr.^aefteaetoHefteft,^,;,,^ Glu Glu 

20 25 30 

Phe ser gr Gly Cly Cy6 Gly Gly Asn Gin Asn Ar, Phe «„ Se r ^ 

40 45 

Glu Gin Cys Lys Lys Het Cys Thr Arg Asp 



<210> SEQ XD BO 20 
<211> LENGTH: 58 
<212> TYPEs PRT 

<213> ORGANISM i Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Isolated Binding Peptide 
<400> SEQUENCE: 20 

Met Hi. ser Phe Cys Ala Phe l y s Ala »sp Ser Gly Arg cys Arg Gly 

10 15 

His Gin Ar, Phe Phe Phe Asn He Phe Thr Ar, Gin Cys Gin Glu 

25 30 
Phe Ser gr Gly Gi, Cys Gly G ly Asn Gin Asn Arg Phe Glu Ser Lea 

40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arq Ago 
50 55 



<2I0> SEQ ID NO 21 
<211> LENGTH: 58 
<212> TYPE i PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 21 

«et His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg Cys Arg Ala 

He Gin Pro Arg Txp Phe Phe Asn lie Phe Thr Arg Gin Cys Glu Glu 

25 30 
Phe Ser Tyr Gly Gly Cys Gly Gly Asn <a B ^ ^ Phe Glu Ser ^ 

40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



<210> SEQ ID NO 22 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE r 

<223> OTHER INFORMATION: Isolated Binding Peptide 
<400> SEQUENCE: 22 
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-continued 



Het His Ser Pbe Cys Ala Pbe Lys Ala Asp Asp Gly Arg Cys Arg Gly 
5 10 15 



Ala His Pro Arg Trp Phe Phe Asn He 



20 25 



Phe Thr Arg Gin Cys Glu Gin 
30 



Pbe Ser Tyr Gly Gly Cys Gly Gly Asn Gin Asn Arg Pbe Glu Ser Leu 



35 40 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 

so 55 



<210> SEQ ID NO 23 
<2H> LENGTH: 6 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified Cloning Site 

<400> SEQUENCE r 23 

ttcgaa 



45 



<210> SEQ ID NO 24 
<211> LENGTH: 8 
<212> TYPE: DNA 

<21J> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified Cloning Site 

<400> SEQUENCE: 24 

trtcgcgaa 



<210> SEQ ZD NO 25 
<211> LENGTH: 6 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Modified Cloning Site 

<400> SEQUENCE s 25 

gacgtc 



<210> SEQ ID NO 26 
<211> LENGTHS 10 
<212> TYPE: DNA 

<223> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> O^BR IHFORMATIONi Modified Cloning Site 

<400> SEQUENCE: 26 

gacgtacgtc 



<210> SEQ ID BO 27 
<211> LENGTH: 548 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 



10 



<22J> OTHER INFORMATION: Nucleotide Sequence of Fusion Protein 
<400> SEQUENCE: 27 

cgac«*taa cgacaacttg agaagatcaa aaaacaacta attattcgaa acgatgagat 60 

tcccatcta* cttcactgct gttttgttcg ctgcttcctc tgctttggct gctccagtta 120 

acaccactac tgaagacgag actgcteaaa ttcctgrtga ggetgtcatc ggttactct:, 180 

acttggaagc, tgarttcgac gtcgctgttt tgccattcte taactctaet aacaacggtt 240 
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38 



tgttgttcal: caacactacc atcgcttrta tcgctgctaa ggaggaaggt gtttccctc, 
a9aa9a3S9a 93Ctat9Ca " tctttctgtg ctttcaaggc tgacgaeggt ecgtgcagag 
ctgctcaccc aagatggtto ttcaacatct tcacgcgtca atgcgagga, ttaatctacg 
Stggttgtga gggtaaccaa aacagattcg agtctctaga ggagtgtaag aagatgtgta 
ctagagacta gtaaga.ttc gccttagaca tgactgtto, tcagttcaa, ttgggcactt 
acgagaag 

<210> SEQ ID NO 28 
<211> LENGTH: 145 
<212> TYPE: PRT 

<213> ORGANISM; Artificial Sequence 
<220> FEATURES 

<223> OTHER IHFCXWATIOH : Fusion Protein 
<400> SEQUEBCEr 28 

•tot Arg Phe p r0 Ser n e p be «, r Ua Val Leu Phe Ala Ala Ser Ser 

10 15 

Ala r^u Ala Ala Pro Val Asa B,r «ur ttu: aZu Asp Glu Thr Ala Gin 

25 30 
He Pro Ala Glu Ala Val He G Iy Tyr Se. Asp leu Glu Gly Asp Phe 

40 45 
Asp Val Ala Val Le, Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu ^ 

55 60 
Phe lie Asn Thr Thr lie Ala T i« »i 

€5 JJ® Ser Ue Ala Ala Lys Glu Glu Gly Val 

75 80 
Ser Leu Gla Lye ^ Gla Ala Hat His Ser Phe Cys Ala Phe Lye Ala 

85 *» 9l 

Asp Asp Gly Pro Cys Arg A*a Ala His Pro Ar, Trp Phe Phe Asn He 



300 
360 
420 
480 
540 
548 



95 

Pro Arg Trp Phe Phe 
105 uo 

Phe Thr Arg Gin Cys Glu Glu Phe lie Gly Gly Cys Glu Gly Asn 



125 



Gin Asa Ar, Phe Glu Ser Leu Gla Gla Cy s L yG ^ Bot ^ ^ ^ 



Asp 
145 



<210> SEQ ID HO 29 
<2ll> LENGTH: 58 
<212> TYPE; PRT 

<2L3> ORGANISM r Artificial Sequence 
<220> FEATURES 

<223> OTHER IBFQRHATZOK; BPTI Sequence 



<400> SEQUENCE: 29 

Arg Pro Asp Phe Cys 1^ Gla Pro Pro Tyr Thr Gly Pro Cys Lys Ala 

10 , 5 

Arg Xle He Arg Tyr Phe Tyr Asn Ala Lys Ala Gly Lea Cys Gin Thr 

25 30 

Phe Vol Tyr Gly Gly Cys Arg Ala Lys Arg Asn Asn Phe Lys Ser Ala 



45 



Glu Asp Cys Met Arg Thr Cys Gly Gly Ala 
50 



55 



<210> SEQ ID NO 30 
<211> LEBGTHz 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



39 
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<220> FEATURE: " 
<223> OTHER IMPORHATIOKi ITI-D1 Sequence 

<400> SEQUENCE r 30 

T ^ <*• Gla «* *»* Ala Gly Pro Cys Ket « y 

3 10 * 



15 



«et Thr Ser Ar 9 Tyr Phe Tyr Asa Gly Thr Ser Met Ala Cys Gla Thr 

25 30 



Phe Gin Tyr Gly Gly Cys Met Gly Asa Gly As„ Asn Phe Val Thr Gla 
tys Glu Cys Leu Gin Thr Cys Arg Thr Val 



<210> SBQ ID KO 31 
<2I1> LENGTH s 58 
<212> TYPEt PRT 

<213> ORGANISM r Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATION r ITI-D2 Sequence 
<400> SEQUENCES 31 
Thr Val Ala Ala Cys Asn Leu 



Pro Tie Val Arg Gly Pro Cys Arg 



10 



Ala 



15 



Phe He «. Leo Trp Al. ^ Asp Ma Val Lys Gly Lys cys Val ^ 

25 30 
Phe Pro Tyr Gly Gly CyB Gln Gly ^ Gly _ ^ ^ ^ ^ ^ 

40 45 

Lys Glu Cys Arg Glu Tyr Cys Gly Val Pro 
50 55 

t 

<210> SEQ I© KO 32 
<2H> LEBGTHs 58 
<212> TYPBs PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER IWPORMAXIOBr LACI-D1 Sequence 
<400> SEOUERCKr 32 



T ^ T Ma LyS Ma Pro cys Lys Ma 

10 1S 

He Het Lys Ar g Phe Phe Phe Asa lie Phe Thr Ar, Gin Cys Gla Glu 

25 30 



Phe He Tyr GXy Gly Cys Gla Gly Asn Gin Asn Arg Phe Gl« 

40 45 

Glu Glu Cys ty S Lys Met Cys Thr Arg Asp 



55 



<210> SEQ ID RO 33 
<211» USSGTfi: 58 
<212> TYPES PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATION; LACI-D2 Sequence 
<400> SEOOEMCEs 33 

T °T Phe Gl * te> Gly lie cys 



10 15 



Arg Gly 



Tyr He «ur Arg Tyr Phe Tyr Asn Asn Gin Thr Lys Gin Cys cm ^ 



30 



Phe z.y 6 Tyr Gly Gly Cys teo «, Asn Het Asn Asn Phe <a„ Th r Lea 

40 45 



41 
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Glu Glu Cys Lys Aon lie Cys Glu Asp Gly 
50 55 * 



<210> SEQ ID NO 34 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: LACI-D3 Sequence 
<400> SEQUENCE: 34 

Gly Pro Ser Trp Cys Leu Thr Pro Ala Asp Arg Gly Leu Cys Arg Ala 
* 5 10 



15 



Aen Glu Asn Arg Phe Tyr Tyr Asn Ser Val lie Gly Lys Cys Arg Pro 
20 25 30 

Phe Lys Tyr Ser Gly Cys Gly Gly Asn Glu Asn Asa Phe Thr Ser Lys 
35 40 45 

Gin Glu Cys Leu Arg Ala Cys Lys Lys Gly 
50 55 



<210> SEQ ID NO 35 
<211> LENGTH: 58 
<212> TYPE r PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE j 

<223> OTHER INFORMATION: HKI B9 Sequence 
<400> SEQUENCE r 35 




Glu Lys Cys Glu Lys Phe Cys Lys Phe Tbr 
50 55 



<210> SEQ ID NO 36 
<211> LEBGTRs 58 
<212> TYPEr PRT 

<2I3> ORGANISM; Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: C alpha 3 Sequence 
<400> SEQUENCE t 36 

Glu Thr Asp He Cys Lye Leu Pro Lys Asp Glu Gly Thr Cys Arg Asp 
1 5 10 15 

Phe lie Leu Lys Trp Tyr Tyr Asp Pro Asn Thr Lys Ser Cys Ala Art, 
20 25 30 

Phe Trp Tyr Gly Gly Cys Gly Gly Asn Glu Asn Lys Phe Gly Ser Gin 
35 40 45 

Lys Glu Cys Glu Lys Val Cys Ala Pro Val 
50 55 



<2I0> SEQ n> NO 37 
<211> LENGTHS 58 
<212> TYPEr PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: TFPI-2 Dl Sequence 



<400> SEQUENCES 37 
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Asn Ala Gin lie Cys Leu Leu p ro Lea Asp Tyr Gly Pro Cys Arg Ala 
15 10 15 

Leu Lea Lea Arg Tyr Tyr Tyr Asp Arg Tyr Thr Gin Ser Cys Arg Gin 
20 25 30 

Phe Lea Tyr Gly Gly Cys Gin Gly Asn Ala Asn Asn Phe Tyr Thr Trp 
35 40 45 

Gin Ala Cye Asp Asp Ala Cys Trp Arg He 
50 ss 



<210> SEQ ID TO 38 
<211> LENGTH; 61 
<212> TYPES PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS TFPI-2 D2 Sequence 
<400> SEQUENCES 38 

Val Pro Lys Val Cys Arg ten Gin Val Ser Val Asp Asp Gin Cys Glu 

Gly Sex Thr Gin Lys Tyr Phe Phe Asn Leu Ser Ser Met Thr Cys Glu 
20 25 30 

Lys Phe Phe Ser Gly Gly Cys His Arg Asn Arg lie Glu Asn Arg Phe 
35 40 45 

Pro Asp Glu Ala Thr Cys Met Gly Phe Cys Ala Pro Lys 
50 55 €0 



<210> SEQ ID NO 39 
<211> LENGTH t 58 
<212> TYPES PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS TFPI-2 D3 Sequence 
<400> SEQUENCES 39 

He Pro Ser Phe Cys Tyr Ser Pro Lys Asp Glu Gly Lea Cys Ser Ala 
15 10 15 

Asn Val Thr Arg Tyr Tyr Phe Asn Pro Arg Tyr Arg Thr Cys Asp Ala 
20 25 ao 

Phe Thr Tyr Thr Gly Cys Gly Gly Asn Asp Asn Asn Phe Val Ser Arq 
35 40 45 * 

Glu Asp Cys Lys Arg Ala Cys Ala Lys Ala 
50 55 



<210> SEQ ID NO 40 
<211> LENGTHS 59 
<212> TYPES PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS APP-I Sequence 
<400> SEQUENCES 40 

Arg Asn Arg Glu Val Cys Ser Gin Gin Ala Glu Thr Gly Pro Cys Arg 
1 5 io 15 

Ala Met lie Ser Arg Trp Tyr Phe Asp Val Thr Glu Gly Lys Cys Ala 
20 25 30 

Pro Phe Phe Tyr Gly Gly Cys Gly Gly Asn Arg Asn Asn Phe Asp Thr 
35 40 45 

Glu Glu Tyr Cys Met Ala Val Cys Gly Ser Ala 
50 55 



45 
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<210> SEQ ZD NO 41 
<211> LENGTH: 58 
<212> TYPE: PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURE i 

<223> OTHER INFORMATIONS EpiNE7 Sequence 
<400> SEQUENCE; 41 

Arg Pro Asp Phe Cys Leu Ola Pro Pro Tyr Thr Gly Pro Cys Val Ala 

15 10 15 

Met Phe Pro Arg Tyr Phe Tyr Asn Ala Lye Ala Gly Leu Cys Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Lys Ser Ala 

40 45 

Glu Asp Cys Met Arg Thr Cys Gly Gly Ala 
50 55 



<210> SEQ ID HO 42 
<211> LENGTHS 58 
<212> TYPEr PRT 

<213> ORGANISM t Artificial Sequence 
<220> FEATURE; 

<223> OTHER INFORMATIONS BITI-E7-141 Sequence 
<400> SEQUENCES 42 

Arg Pro Asp Phe Cys Gin Leu Gly Tyr Ser Ala Gly Pro Cys Val Ala 

5 1° IS 

Met Phe Pro Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cys Gin Thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
J5 40 45 

Lys Asp Cys Leu Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ ID NO 43 
<211> LENGTH: 58 
<212> TYPEs PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS KOTO 6 A Sequence 
<400> SEQUENCE? 43 

Are Pro Asp Phe Cys Gin Leu Gly tyr Ser Ala Gly Pro Cys Vol Ala 
5 » 15 

Met Phe Pro at, Tyr Phe Tyr Asn Gly Ala Ser Met Ala cya Gin thr 
20 25 30 

Phe Val Tyr Gly Gly Cys Met cly Asn Gly Asn Asn Phe Val Thr Glu 

35 40 



45 



Lys Asp Cy 6 Leu Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ XD NO 44- 
<211> LENGTH: 58 
<212> TTPBr PRT 

<213> ORGANISMS Artificial Sequence 
<220> FEATURE r 

<223> OTHER INFORMATIONS H0TQE Sequence 
<400> SEQUENCE; 44 

Arg Pro Asp Phe Cys Gin leu Gly Tyr Ser Ala Gly Pro Cys Val Ala 
1 5 10 15 



47 
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Ket Phe Pro Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cys Gin Bu: 

25 30 
Phe Vol Tyr Gly Gly C*b Met Gly Asn Gly Asn A*n Phe Val Thr 



Gla 
45 



35 40 

Lys Asp Cye Leo Gin Thr Cys Arg Gly Ala 
5 ° 55 



<210> SEQ ID NO 45 
<211> LENGTH: 58 
<212> TYPBs PRT 

<213> ORGANISM r Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MUT1619 Sequence 
<400> SEQUENCE: 45 

Arg Fro Asp Phe Cys Gin Lea Gly Tyr Ser Ala Gly Pro Cys Val Gly 
5 10 15 

Met Phe Ser Arg Tyr Phe Tyr Asn Gly Thr Ser Met Ala Cys Gin Thr 

25 30 

Phe Val Tyr Gly Gly Cys Met Gly Asn Gly Asn Asn Phe Val Thr Glu 
35 40 45 

Lye Asp Cys Lea Gin Thr Cys Arg Gly Ala 
50 55 



<210> SEQ ID RO 46 
<211> LENGTH: 62 
<212> TTPEr PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EPI-HNB-l Sequence 
<400> SEQUENCE r 46 

Gin Ala Glu Ala Arg Pro Asp Phe Cys Leu Gin Pro Pro Tyr Thr Gly 

10 1S 

Pro Cys He Ala Phe Phe Pro Arg Tyr Phe Tyr Asn Ala Lys Ala Gly 



25 



30 



Cys Gin Thr Phe Val Tyr Gly Gly Cys Met Gly 



40 



45 



Phe Lys Ser Ala Glu Asp Cys Met Arg Thr Cys Gly Gly Ala 



60 



<210> SEQ ID NO 47 
<211> LENGTHS 56 
<212> TYPE; PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EPI-HNB-2 Sequence 
<400> SEQUENCE: 47 

Ala Ala cys Asn ^ Pro Ile Val ^ Gly Pro Cy(J Ile ^ phe 



15 



Pro Arg Trp Ala Phe Asp Ala Val Lys Gly Lys Cys Val Lea Phe Pro 



25 



30 



Tyr Gly Gly Cys Gin Gly Asn Gly Asn Lys Phe Tyr Ser Glu Lys Gla 



45 



Cys Arg Gin Tyr Cys Gly Val Pro 
50 55 



<210> SEQ ID NO 48 
<2ll> LENGTH: 56 
<212> TYPE: PRT 



49 
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<223> OIHEB EPI-HBE-3 S^qoenco 

<400> SZQOEBCEt 48 



-continued 



Ala Ala Cys Asn 
1 



f " e P~ cyo He Ma ^ phe 



15 



- „ g Trp Al a Phe ^ ^ val ^ ^ ^ ^ ^ 

ZD 30 

^ «, c Gla Gly &6n tye ^ ^ ser 

U 45 
Cys Arg Glu Tyr Cy S Gly Val Pro 

* V 55 



I»ya Glu 



50 



<210> SEQ ID NO 49 
<2ll> LEBGTHr 56 
<212> TYPEs PRT 

<213> ORGANISM: Artificial _ 

<220> FEATURE r 1 Se<}Uence 

<223> OTHER M^txon.- EPI— HNE— 4 Sequence 

<400> SEQUENCES 49 



«■ Ala Cys Asa ^ Pro Ile Val ^ ^ ^ ^ ^ ^ ^ ^ 

Phe ^ Ala vaI r Gly Lyc cys vai ^ ^ ^ 

^ ^ 2* «« - tye «.e ^ Ser 30 



40 

Cys Arg Glu Tyr Cys GXy VaX ^ 

55 



45 



Glu Lys Glu 



<210> SEQ n> NO 50 

<211> LEUGlBr €0 

<212> TYPE: PRT 

<213> OBGABISM: Artificial 

<220> PEATOREz Sequence 

<223> 018211 ^««ATION: DPI14 KR Sequence 
<40O> SEQUENCES 50 

Glu Ala Val Arg Glu Val r«« c 
, 9 Glu Va, Cys ser O, ^ ^ ^ ^ ^ ^ ^ 



15 



Xl« Ala H, e p 

20 Tyr *«* Val Thr Glu Gly Lys 



* >™ «e tte Ty, Gly Giy ^ Gly Giy ^ ^ ^ 

Gla Glu Ty* ^ VaI ^ ^ ^ 

55 



30 



Asn Phe Aep 



<2I0> SBQ id no 51 
<211> LEKGTfls 60 
<2I2> TYPE* PRT 



<220> FEATURES 
<223> OTHER INFORMATION 



DPI24 KR Sequence 



<400> SEQUENCE: 51 

Olu Ala Mo „ e ^ ^ ^ ^ ^ ^ 

10 

cu, ^ ^ ^ Gly Gly ^ ^ ^ ^ 2 ^ ^ 



Pro Cys 
IS 



51 
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35 



40 



-continued 

45 



Thr Trp Glq Ala Cys Asp Asp Ala cya Trp Arg He 

55 60 

<210> SEQ ID BO 52 
<211> LENGTH? 60 
<212> TYPEr PRT 

<213> ORGANISM i Artificial Sequence 
<220> FEATURE: ^««nce 

<223> OTHER INFORMATION: DPI* 8 KR Sequence 
<400> SEQUENCE: 52 

Glu Lys Pro Asp Ph. Cy s Phe G l u Glu flGp ^ Gly Ile ^ 

10 1S 

lie Gly Phe Phe Pro Arq Tvr Ph«» iw » e „ * 

20 *^ xyt «ie iy r isn Asa Gin Ala Lys Gin Cys 

25 30 
«ta Ar, «e Val *yr Gly GXy cy. _ Gly ^ Met ^ ^ p ^ ^ 

40 45 
Thr Leu Glu Glu Cys Lys Asn lie Cys Glu Asp Gly 
55 60 

<2I0> SEQ ZD NO 53 
<2H> LENGTH: 60 
<212> TYPBi PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION r DPI84 KR Sequence 
<400> SEQUENCE: 53 

«» Ala Gla rHr ^ He Cy^ tys teo ^ Cys ^ Gly ^ ^ 

10 15 
Xle Ma Pfce p^e Pto ^ Irp ^ p ^ ^ ^ ^ ^ 

25 30 
Ala Arg Phe Val Tyr Gly Gly Cys Gly Gly Asn Glu Asn Lys Phe Gly 

40 45 
Ser Gin Lys Glu Cys Glu Lys Val Cys Ala Pro Val 
55 60 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<220> 
<221> 
<222> 
<223> 
<220> 
<221> 
<222> 
<223> 
<220> 
<221> 
<222> 
<223> 



<220> 
<221> 
<222> 
<223> 
<220> 
<221> 
<222> 
<223> 
<220> 
<221> 



SEQ ID SO 54 
LENGTH: 58 
TYPEs PRT 

PRGABISICs Artificial Sequence 
PEATOREr 

OTHER INFORMATION: VARIANT 
FEATURES 

NAME/KEY r VARIANT 
LOCATION: 10 

OTHER INFORMATION: Xaa - Asp or Glu 
FEATURE r 

NAME/KEY: VARIANT 
LOCATION: II 

OTHER INFORMATION: Xaa = Asp, Glv Ser w«t * 

FEATURE: y * ' Val * Asn » He r Ala or Thr 

HAME/KBY: VARIANT 
LOCATIOBt 13 

OTHER INFORMATION: Xaa - Ara wie iw » 

Lys or Gin *' Hie ' Ero ' Aen, Ser, Thr, Ala, Gly, 

FEAHZREt 

NAME/KEY r VARIANT 
LOCATIONS 15 

OTHER INFORMATION: Xaa - Ara At^ ^ 

FEATURE: 9 ' Ser ' G1 Jr Met, Asn or Gin 

NAME/KEY: VARIANT 
LOCATION: 16 

OTHER INFORMATION: Xaa « Ala Glw . 
FEATURE: ' Gly ' ^ Asp or Asa 



RAME/XEYi VARIANT 
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<222> LOCATIONS 17 

<223> OTHER INFORMATION: Xaa - Ala, Asn, Ser, lie, Gly, Val, Gin or Thr 

<220> FEATURES 

<221> NAME/KEYs VARIANT 

<222> LOCATIONS 18 

<223> OTHER INFOHMATIONr Xaa - His, Leu, Gin or Ala 

<220> FEATURE: 

<22l> NAME/KEY; VARIANT 

<222> LOCATION i 19 

<223> OTHER INFORMATION: Xaa - Pro, Gin, Leu, Asn or lie 

<220> FEATURE r 

<221> NAME/KEYs VARIANT 

<222> LOCATIONS 21 

<223> OTHER INFORMATIONS Xaa « Trp, Phe, Tyr, Hie or lie 

<220> FEATURE: 

<221> NAME/KEY i VARIANT 

<222> LOCATION: 31 

<223> OTHER INFORMATION s Xaa = Glu, Asp, Gin, Asn, Ser, Ala, Val, Leu> 

He or Thr 
<220> FEATURE: 
<221> NAME/KEY s VARIANT 
<222> LOCATIONS 32 

<223> OTHER INFORMATIONS Xaa = Glu, Gin, Asp, Asn, Pro, Thr, Leu, Ser, 

Ala, Gly or Val 
<220> FEATURE: 
<221> NAME/KEYs VARIANT 
<222> LOCATION: 34 

^lll F ^RE^ FORMimoN= Xaa " ^ Ile - Ser - Val ' G1 y °* «~ 

<221> NAME/KEYs VARIANT 
<222> LOCATION: 35 

<223> OTHER INFORMATIONS Xaa - Tyr, Trp or Phe 

<220> FEATURE: 

<221> NAME/KEYs VARIANT 

<222> LOCATION: 39 

<223> OTHER INFORMATION: Xaa * Glu, Gly, Ala, Ser or Asp 
<40Q> SEQUENCE: 54, 

Met His Ser Phe Cys Ala Phe Lys Ala Xaa Xaa Gly Xaa Cys Xaa Xaa 
1 S 1° 15 

Xaa Xaa Xaa Arg Xaa Phe Phe Asn He Phe Thr Arg Gin Cys Xaa Xaa 
20 25 30 

Phe Xaa Xaa Gly Gly Cys Xaa Gly Asn Gin Asn Arg Pbe Glu Ser Leu 
35 40 45 

Glu Glu Cys Lys Lys Met Cys Thr Arg Asp 
50 55 



What ,s claimed is: 3. The isolated polypeptide of claim 1, wherein the 

1. An isolated polypeptide comprising the amino add polypeptide consists of the amino acid sequence: Met His 
sequence: Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Ser PheCys Ala Phe Lys Ala Asp Asp Gly ProCysAigAla 
Gly Pro Cys Arg Ala Ala His Pro Aig Trp Phe Phe Asn Ile Ala His Pro Arg Tip Phe Phe Asn lie Pfce Thr Arg Gm Cys 
Phe Thr Arg Gin Cys Gin Glu Phe He Tyr Gly Gly Cys Glu 50 Glu Glu Phe Be Tyr Gly Gly Cys Glu Gry Asn Gin Asn Arg 
Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Phe Glu Ser 1^ Glu Gra Cys Lys Lys Met Cys Thr Arg Asp 
Met Cys Thr Arg Asp (amino acids 3-60 of SEQ ID NO:!), (amino acids 3-60 of SEQ ID NO:2). 

wherein the polypeptide inhibits kallfcein. 4. The isolated polypeptide of claim 2, wherein the 

2. The isolated polypeptide of claim 1, wherein the polypeptide consists of the amino add sequence: Gin Ala 
polypeptide comprises the arnino add sequence: Glu Ala 55 Mcf IBs Ser Phe Cys Ala Phe Lys Ala Asp Asp Gry Pro Cys 
Met His Ser Phe Cys Ala Hie Lys Ala Asp Asp Gry Pro Cys Arg Ala Ala His FVo Arg Trp Phe AsnDe rlieTlirArg 
Arg Ala Ala His Pro Arg Trp Phe Hie Asn lie Phe Thr Arg • Gin Cys Gfo Ghi Phe Be Tyr Gly Gly Cys Gin Gly Asn Gin 
Gm Cys Ghi Glu Phe lie Tyr Gry Gly Cys Glu Gly Asn Gin ^ Arg Phe Gra Ser Leu Glu Glu Cys Lys Lys Met Cys Thr 
Asn Arg Hie Gin Ser Leu Gm Glu Cys Lys Lys Met Cys Thr Arg Asp (SEQ ID Nf>2). 

Arg Asp (SEQ ID NCh2). * * * * * 
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i 

DEt»AftTMENT OF HEALTH AND HUMAN SERVICES 



Food and Drag Administration 
- Silver Spring MT> 20993 

OurSTN: BL 125277/0 

BLA APPROVAL 

Dyax Corporation December 1, 2009 

300 Technology Square 
Cambridge, MA 02139 

Attention: Nicole D'Auteuil 

- Senior Director, Regulatory Affairs 

Dear Ms. D'Auteuil: 

KalbHor (ecallantide) injSJ f Pubhc HeaWl A « ffHSA) for 

200s, and ja™^ 5.9 '27 m «i™ ^f^f' ,5 ' «»«>. 31, 

the provisior* of sectiSuaV rf Sma^STT"- Cffl f rid ^ Massactaseas, under 

commerce *»£I5E5^£2r T 7 **" fc ta,rod °<=««>» 
esablistasn, J^C ^"" y ^ demo ° stated fiance »ia 
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You currently axe not required to submit samples offiitnre lots ofKalbitor (ecaUaatide>iiyection 
to the Center far Drug Evaluation and Research (ODER) for release by the Director, CDER, 
under 21 CFR 610,2. We wdH.coitfmue to 

completion of tested conformity with standards applicable to each product to release of each 
lot 

You must submit information to your biologies license application for our review and written 
approval under 21 CFR 601.12 for any changes in the manufacturing, testing, packaging, or 
labeling ofKalbitor (ecallantide) injection, or in the manufacturing facilities. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

Because this biological product for this indication has an orphan drug designation, you are 
exempt from this requirement 

POSTMARKETING REOTJQOREMENTS UNDER 5QS(o\ 

Section 505(o) of the Federal Food, Drug, and Cosmetic Act (FDCA) authorizes FDA to require 
holders of approved drug and biological product applications to conduct postmarketing studies 
and clinical trials for certain purposes, if FDA makes certain findings required by the statute 
(section 505(oX3)(A)). 

We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(l ) of the FDCA will not be sufficient to assess a known serious risk of 
hypersensitivity reactions and immunogenicity, a theoretical risk of disordered coagulation, and 
an unexpected, serious risk of malignancy with use ofKalbitor (ecallantide) injection. 

Furthermore, the new pharmacovigilance system that FDA is required to establish under section 
505(k)(3) of the FDCA has not yet been established and is not sufficient to assess these serious 
risks. 

Therefore, based on appropriate scientific data, FDA has determined that you are required to 
conduct the following: 

1 . A long-term, observational safety study with Kalbitor (ecallantide) in patients with 
hereditary angioedema to evaluate hypersensitivity, immunogenic^ and coagulation 
disorders. The study should include the following objectives: 1) identify predictive risk 
factors and develop effective screening tools to mitigate the risk of hypersensitivity and 
anaphylaxis; 2) correlate antibody levels with adverse events and lack of efficacy; and 3) 
evaluate (he risk of hypercoagulability and hypocoagulability. 
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The timetable you submitted on November 1 9, 2009, slates that you will conduct this 
study according to the following timetable: wm conaucttms 

Final Protocol Submission: , December 2009 
Study Completion Date: February 2014 

Final Report Submission: August 2014 

2. Establish the sensitivity and outpoint for the anti-ecallantide neutralizing antibody assav 
using unmunoaffiinty-purified ecallantide-spectfic human rgG Y> 

The timetable you submitted on November 1 9, 2009, states that you will conduct this 
study according to the following timetable: you wmconaucttms 

Final Report Submission: Match 2010 

3. Evaluate for cross-reactivity of anti-ecallantide antibodies with TFPL perform studies to 
determme rf human anti-ecallanade antibodies bind TFPI, ami pedbrnSu^aSSel 
an^p^pe mappmg of the human auti-^callantioe antibody xespTnTtf SSn, {L 

The timetable you submitted on November 1 9, 2009, stales that you will conduct this 
study according to the following timetable: mis 

Final Report Submission: August 2010 

4. Develop and validate anu-ecallantide and anti-P. pastoris-specific human IgE detection 
assays usmg a sensitive platform such as ECL. Such assayed be lee fom 
interference by anu-ecallantide IgG antibodies. 

Jhe timetable you submitted on November 1 9, 2009, states that you will conduct this 
studyacowungtomefoUo^ yuuwmconaucttnis 

Method Development Reports Submission: April 2010 
Final Report Submission: September 2010 

" t^ y ^ Thesix- 
montb subcutaneous toxicology study with rats could serve as the basis of dose selection. 

SSv^w T ° n November 1 9 > 2009 > states that you will conduct this 

study according to the following timetable: 

Final Protocol Submission: June 2010 
Study Completion Date: September 2012 

Final Report Submission: September 2013 
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. ^^TZ^.^C a ^ fm ^ ,e,terto,teBW ,252 "- Somali 

• REQUIRED POSTMARKETING PROTOCOL UNDER 505fo) 

• REQUIRED POSTMARKETING FINAL REPORT UNDERSEA 

• REQUIRED POSTMARKETING CORRESPO P ^eSS°L(o) 

*h!rf ° D °^ FDCA requires you to report periodically oa the status of anv 

^U^r^iV e ^^T^ ° f ^^^^ -Port under section 506B and 21 CFR601 70 
. ***** ™ e periodic reporting requirement under section 505foV3YFVin 

swoon iOS(oX3XE)Cu) and could result in enfcreemea action. 



outlined below: 
. 6. 



I^^S!f 0 n ^P^ 0 ^ supplement, of an updated stability protocol fox drue 
product that will add an accelerated or stress stability condition as paktfteam^al 

ZSSl^^ """"^ *"* ^ « ^ittedr^ BLA 
Final Protocol Submission: January 2010 

Jn/^Tht^ T imUm fi " VOlume to P'°vide appropriate dosage withdrawal 

tl l^rt^ JUStnient IO ^ 611 VO,ume for * e *ug Product is necessary to reduT 
the likelihood that apauent will be overdosed with any excess drug oroducT TT^^^T 

te^oyideA Should the fill volume need to be changed, this report will 
proposed execution plan. 



Final Report Submission: April 2010 
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~ ^mGATTON STRATEGY ttWiTTTPrn.^^ 

Mitigation ^SS^i^f ^ submisaon ofa Risk Evaluation and 

^Amission of assessments ofAeSS Umcatlon pIan - 30(1 a Stable for 

T^REMSassessmentplanshouIdindudebm 

b. Specification of measures that would be tafrw, t« _ 

in your REMS •^J2?^S5?SSS2S lk - YO " TV** i 

state tofomationsiDco the am,,! reWCtrert^ ' ° K "? tog "P*"** 10 <*e 

— * * — » ^sj^rsr *■ rems 

theapprcyed REMS when ^S^l^ 1 ;^^^ prop0se a ™*tt*<i°n » 
described in section 505- 1 fe^j^of £t3a^ °W baa >° a fora «« indication for use as 

Ptomineatly identify the submission containing ib> a niQ .. 

nHKfiffcanons with the fonowin. worS^.T aSSeSSments °<-("°P«*d 
submission: ^"^^'n^^tWIeOOTatthetopoftnefirstpageofthe 



BLA 123277 

REMS ASSESSMENT 
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NEW SUPPLEMENT FOR BLA 125277 
PROPOSED REMS MODIFICATION 

REMS ASSESSMENT 

^s^S^ mwm>ICATI0NF0 ^ USE) FORBLA 125277 

PROPOSED REMS MODIFICATION (if included) 
If you do not submit electronically, please send five copies of REMS -related submissions. 
p^SSSt k^ 1 "* 8 appKWed today 1,0 avai,abIe OD y ottr website within 10 days of 

reporting; reowremfntr 

You must submit adverse experience reports under the adverse experience reporting 
requirements for licensed biological products(21 CFR 600.80). In addition, you should submit 
°f serious anaphylacticor hypersensitivity events within 15 days of receipt as 15-day 
expedited reports. You should submit postmarketing adverse experience reports to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Central Document Room 

5901-B Ammendale Road 

Beltsville, MD 20705-1266. 

Pforiiinently identify all adverse experience reports as described in 21 CFR 600.80. 

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports u^t are received direcdy by the FDA New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at 
http://www.fda,gov/^^^ 

You must submit distribution reports under toe attribution reporting requirements for licensed 
biological products (21 CFR 600.81). 

You must submit reports of biological product deviations under 21 CFR 600 14 You should 
promptly identify and investigate all manufacturing deviations, including those associated with 
processuig, testing, packing, labeling, storage, holding and distributioa If the deviation involves 
a distributed product, may affect the safety, purity, or potency of the product, and meets the other 
criteria in the regulation, you must submit a report on Form FDA 3486 to: 
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Food and Drag Administration 

Center for Drug Evaluation and Research 

SS^V* Com P ]isacc Management and Surveillance 
5901 -B Ammendale Road 

Beltevilte,MD 20705-1266 
Biological product deviations sent by courier or overnight mail should be addressed .to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

firjf™ of Compliance Risk Management and Surveillance 

10903 New Hampshire Avenue, Bldg. 51, Room 4?03 

Silver Spring, MD 20992-0002 

CONTENT OF LABVJ XNa 

Within 14 days of the dale of this letter, submit content of labeling (2\ CFR fin i h/ku • 
sectored product labeling (SPL) format, as described af * ' m 

Correspondence - Final SPL for approved BLASTN 12^7.77 » t„Lw-J , . , 

flSa^ ForaddnSSnfo^on 

CARTON ANDCONTAfNRl? 1 apih c 

N^StTnS ^ ^ bbe,S are identical to the labels submitted 

ZSft, ' T 85 f° n 25 ^ axe available but no more than 30 days after they are 
Prmted Please subrmt these labels electronically according to the guidance for mSTtitled 
Provuimg Regulatory Submissions in Electronic Format -Human Pharma^^^ 

t^t^ll * y SUbmU 1 2 paper ^ 6 of the copies individually mounted on 

STO 12^77^ ondence - Final Printed Carton and Container Labels for approved BLA 
STN 125277. Approval of this submission by FDA is not required before the labeling is used 
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PROMOTIONAL MATERIAL 

lZZ y 7?* * IE? ^ HnmCTfe ° n ^P 0 ^ in^oductoty advertising and promotional 
fabefans To do so submit, m triplicate, a cover letter requesting M^^ZlTe 
P^posedma^^ 

Food and Drug Administration 

Center for Drag Evaluation and Research 

S^Ta 01 * B"* ***** Advertising, and Communications 
>90I Ammendale Road 
Beltsville, MD 20705-1266 * 

You mast submit final promotional materials, and me package insert, at the time of initial 

^SS'^t daimS ^ teco *k*« with and not contrary to approved labeling You 
LETTERS TO HEALTH f!ARR tt^BmgrONAI s 

rdZ S! r a H^l < ? mm ^f ing ^^tated information about this drug product 

MedWateh 

Food and Drug Administration 
Suite 12B-05 
5600 Fishers Lane 
Rocfcville, MD 20857 

POST-ACTI ON FEEDBAnr MEBTTN^ 

New molecular entities and important new biologies qualify for a post-action feedback meetmo 
S^meetogs arc used to discuss the quality of the application andto evaluated 
c^umcaraon pro^ dunng the drug development and marketing application review process 
iJES 1 ,eam *"* SUCCessfi,} ***** of the review process^ toXXTeLX 
oould benefit fern ,mprovement If you would like to have such a me^w^uf^me 
^vision of Pulmonary and Allergy Products. u«*»mg wun us, contact the 
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1 




Curtis J. Rosehraugh, M.D., MJ\H. 



Office of Drug Evaluation II 

Center for Drug Evaluation and Research 

Biclosures: 
REMS documents 
Package Insert 
Medication Guide 
Carton and Container Labels 



KALBrrOR®(ecaIIantide) 

Proposed REMS . December^ 
BLA 125277 

will also be sjfc DH^^S^f™^* TIT'* 
associated wHi KALnrTn».„T ■„ , ul *- PLette * wU1 *e warnings 

available throm-h a Mm) ^„ .^T' of "»»= materials will also be 

C. Bements to Assure Safe Use 

Elements to Assure Safe Use are not required. 

t>. Implementation System 

An Implementation System is not required. 

^^bleforSufamfesionofAssessmenfe 
REMS assessments will be submitted at I St m^rk* -> 

reporting interval covered by e^ratetmJT ^, ' 3 ^ ^ 7 * eare ^ approval. The 
sothatitisteceivedbymel^ 
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Dy ax Corp. 



[on Dy ax letterhead] 

IMPORTANT DRUG W AiRNING 
Dear Healthcare Professional: 

S^a* ^Tf S^5 form y ° U ° f ^P 0 * 8 " 1 information for KALBITOR® 
KALBITOR is a subcutaneous Section bdk^f w treatment of acL 
^cksofheredztary angioedema (HAE) in patients 16 years of age or oldeT Im^t 
safety mfonftation related to KALBITOR includes: «S uru.aer. important 

♦ The risk of anaphylaxis . . 

♦ The need to distinguish signs and symptoms of anaphylaxis from HAE attacks 

To, ensure thatthe benefits of KALBITOR treatment outweigh the risks, the KALBITOR 
labeling includes a bo xed warning concerning anaphylaxis, as frilowsT 

" .. WARNING: Anaphylaxis ' " 

Anaphylaxis has been reported after administration of KALBITOR® Because of the ri* 

appreciate medical support to manage anaphylaxis and hereditary angioedema. 
Healthcare professionals should be aware of the similarity of symptoms between 
hypersensjbvity reactions and hereditary angioedema and patients should be monitored 

KALBITOR 001 admi ' m ' Ster t0 ^ hypeZSy to 

In 255 HAE patients treated with intravenous or subcutaneous KALBITOR in clinical 
trials. 10 patients (3.9%) experienced anaphylaxis. For the subgroup of 1 87 patients treated 
w^subcutaneous KALBITOR, 5 patients (2.7%) .xperienced^hyfaxi "ESS^ 
tnals, when hypersens.dv.ty was observed, it usually occurred immediately following 
exposure to KALBITOR, and always within the fck boor following dosuT 

In order to appropriately manage anaphylaxis, it must be recognized if it occurs. Because 
the signs and symptoms of HAE attacks may overlap with the signs and symptoms of 
anaphyaxis, there is a need to distinguish between serious hypersensitivity deluding 
anaphylaxis and HAE attack symptoms. «uvny, mciuamg 

Signs and symptoms that can be seen in either anaphylaxis or acute attacks of HAE 
include; 

• erythema of the skin 

• laryngeal edema 

• dyspnea 

• flushing 

• stomach and gastrointestinal symptoms 

• decreases in blood pressure 
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DyaxCbrp. 



^^Si 3 ^^^^ 5 ^ o«Iy l>o ^dn^i^terea a fae^lfecaTO j^ofessional with appropriate 
medical support to manage anaphylaxis ^l^rcdhaiyangioed^ IfaDaSX**L 

admrnistered wrthin a 24 how period; before administering a repeat dose of KAJ^lW it 
attack and not a hypersensitivity reaction. 

^e^time to read the enclosed KALBITOR Package Insert for foil prescribing 
add JSV P !?fJ^ ieW attached Medic ation Guide with each patient who is 

o Phoneat I-S00-FDA-1088 (1-800-332-1088) 

o Facsimile at 1 T 800-FDA-0178 (1-800-332-0178) 

o Mail using FDA Form 3500 located at http://wvw.fda.gov/medwatdi 

Sincerely, 



Patrick T. Horn, MD, PhD 

Vice President, Clinical and Medical Affairs 

Dyax Corp. 



Enclosures: Full Prescribing Information and Medication Guide 



Confidential 



Pagc4of5 



Dyax Corp. 




KALBITOR 

ecaiiBntiae 

IMPORTANT SAFETY INFORMATION FOR HEALTHCARE PXOFESStOH^ 
m$k Evaluation and Mitigation Strategy (REMS) 

hereditary angfoedema (HAE) syrsptoms. The R£^ orooram d^^!^^ b u l^^ 9 between hypersensitivity reaction* and ongoing 
WW. KAtEITOR. To (earn rno4 about serious S^pS fiSj J J^t^^-^ patfert,s aboul «* potentials' 
and discuss a «rith yo.ir patients. "nportant s8f<M V '"formation P'ovWed m this Mnfe, including the Medication Go We. 

The goals of it*e KM 81TGR REMS are: 

- To inform healthcare providers about the risk of anaphylaxis assormt<«i urfsfa k-a, orrno ... 

* To M^te .vuh^s aboin the serious risks associated with KAierroR therapy. 
To rjo-.y.-Joarf me 3£*!S documents: 

~ WyMB^W^ .^qg - Er^nrino^^prff Medtetion n*f 

mpartan t Safety Information 

tABHIHG: Anz^t&tis - 

^pnvlajrts has be*o reported after adrnrnhxraoor* o? KAlSTTOP* fw-w«: 0 rxr« ^ r . * "* 

KALflHOR- P«««ts swn*, ^orurored -rte^. Oo no: administer KAtfiiTOft m ^ j,^. nyocrseaslnviri , 

HrrftAMiDlOUlOKS - — - - 

► SAUKTOR to, P3deni «ho has fcnown rtnical hypersensirivay to KALBfTOR 

MINTNGS AND PRECAUTIOKS 

W5RS6 EVEKTS 

mo* common and g.-^ maB cto£e&4 j ^ HA£ we 

re is * r*w*n Sor m!WUKCnKKr ste ^ * yMJin afL micms ~-«-™„^ L " ,1? * -»cimns. saaieharmtfc. 

to iWtsnW *« not knGWn . " " ™W °» « » W'l: * 3 Iwwwitfcr, , M «ter. 



se see the *&£a«HV?4* ^fi£f>U®«i IncfticSng Boxed Warning and McdJfc^nj&jW* 



Ms 
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Dyax Corp. 



DX-S*(ecaBantide) 

1.14.L3 Draft Label - KALBITOR* 



27 November 2009 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

TScse tigj&zbtft do rttlncteae all fl* infbrnttfioa needed to use 

KALBtTOR fccaRanfide) 
Ii^tetton, forsubcoiaBeotB use 
lnSfl»l USL Approval: frear] 



WARNING -Anaphylaxis 
(Sec fu8 prescribing irtfvrmation for compete boxed warning} 



of the risk of anaphylaxis, KALBITOR should only be administered^ a 
teahfcera profession^ 
flnapfo faxis and hereditary angicedema. Healthcare professionals should be 
aware of the similarity of symptoms between hypersereativHy tcecdons and 
bercdkaiyangioedeniaaTrfpatia^ Do not 

aomfofcrteir^^ 

KALKTOR £sce Contratedicathms (4). Warnings ami Precautions 0JL and 
Mease Reactions fflj. 



-INDICATIONS AND USAGE- 



KALBITOR ts a plasma taHilrem inhibitor fao^caleo' for treatment of 
acute Stocks of hereditary angioedema (HAE) in patients 16 years of 
age and older. ( I) 



-DOSAGE AND ADMlNlSTRATION- 



^o^gOrrX^adininisteredsubaitan^ mL) 
injections. Ifaoatteckpecsists. an additional dc^o^ 
fdoimijtered wtiun a 24 tour period. (XT) 

KAtBITORshouid only be admioistefxrfby abeafthcarc 
professional vinft appropriate medical support Co manage 
anaphylaxis and hereditary angioedema. QL2}_ 



-MKAGE FORMS AND STRENGTHS- 



Single use glass vial containing 10 ibgfctL of ccaHantte as a solution 
^mjecttHL(3) 



-CONTRAINDICATIONS- 



hyperseiKitrvity to KALBITOR. (4) 



known clinical 



-WARNINGS AND HtECAUTIONS^ 



Hypena^sitrvhyReacri^ 
occur red m 3.9% of trotted patients. Administer KALBITOR in a 

equipped to manage a^ 
< *^ft e similarity ml^^ 

synrqKoras, monitor patients closely for bypcrsensitrvity reactions (5> 



-ADVERSE REACHWS^ 



Tterac^coronxraadvecsefeactkwtsc^ 
treated patients and greater than pfec^arcbcadacrie.nau^cW^ 
pyrexia, injection site reactions, and nasopharyngitis. (6) 

To report SUSPECTED ADVERSE REACTIONS, contact Dm <w 
IS$$-4S2*248 or FDA at 1-800-FDA-I08S or jr^v^ai 
ww/dtLgeu/mcdwaeh 



See J7 for PATIENT COUNSELING INFORMATION and Medication 
Gotde 

Revised: fm/yearj 



FULL PRESCRIBING INFORMATION: CONTENTS* 
WARNING: ANAPHYLAXIS 

1 INDICATIONS AND USAGE 

2 DOSAGE AND ADMINISTRATION 
XI Recommended Dosing 

22 Administration Instructions 

3 DOSAGE FORMS AND STRENGTHS 

* CONTRAINDICATIONS 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions, Including Anaphylaxis 
5 ADVERSE REACTIONS 

6.1 Clinical Trials Experience 

&2 hnrnurw®cmciry 
f DRUG INTERACTIONS 

* USE IN SPECIFIC POPULATIONS 
S.I Pregnancy 

£-2 Labor and Delivery 
8 J Nutsrng Mothers 
84 Pediatric Use 
8.5 Geriatric Use 



Id 
II 
12 



13 



14 
16 
17 



OVERDOSAGE 
DESCRIPTION 

CUNICAJL PHARMACOLOGY 
IZ1 Mechanism of Action 
1X2 Pharmacod^itanucs 
123 Phannacokmetics 
NONCUNICAJL TOXICOLOGY 
B.I Carcinogencs 
1X2 Annnat Toxicology 
CLINICAL STUDIES 

HOW SUPPLIED/STORAGE AND HANDLING 
PATIENT COUNSELING INFORMATION 



♦Sections or subsections omitted from 
listed. 



the full prescribing information arc not 
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DX-88(ecaJlantide) 

LI4.13 Draft Label- KALBITOR - 



FULL PRESCRIBING INFORMATION 



27 November 2009 



WARNING: Anaphylaxis 

^^^^^^^ 

1 INDICATIONS AND USAGE 

angioedema (HAB) in patients 1 6 years of age and older. 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing 

*!^^^J KM ^ OK - " 30ms(3 ^ «***««<l subereous* in 

2.2 Administration Instructions 

KALBITOR should only be administered by a healthcare professional with appropriate 
med,cal support to manage anaphylaxis and hereditary angioedema. ^ P 

KALBITOR should be refrigerated and protected from the light KALBITOR is a rJ«,r 
coforiess l,qu,d; visually inspect each vial for particulate mi aStol?; 
adn^strauon. Ifthere is particulate matter or^Ioration,^ 

^^^^ WfthdRW 1 mL < 10 m S) of KALBITOR from the vial usine a 
tne abdomen thigh, or upper arm. Repeat the procedure for each of the 3 vials 

need for site rotatw>n. Injection s.tes should be separated by at least 2 inches (5 cm) and 
away from the anatomical site of attack. 1 ' and 

„?iZ e c r trUC ? nS 3PP,y 10 add5tionaI dose administered within 24 hours. Different 
motion sites or the same anatomical location (as used for the first administration) 
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JDX-88(ecalbntide) 

T. 14.1 J Draft Label -KALBITOR 

— ■ 27N6vember.2009 



3 DOSAGE FORMS AND STRENGTHS 

K^npR is a dear, coloriess Uquid free of preservatives. Each vial ofKALBITOR 
contains ecallantide at a concentration of 10 mg/mL. 

4 CONTRAINDICATIONS 

5 Jft* to a P^«»t who has known clinical hypersemitivitv to 
KALBITOR. [see Warning? and Precautions (5.1)}. «*«vnyco 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions, Including Anaphylaxis 

P T? d JL^°^? : S ,eTSen ^ i,y rcactions > anaphylaxis, have occurred in 

patients treated with KALBITOR. In 255 HAE patientsSS with tov^Tr 
subcutaneous KALBFrOR in clinical studies, ID^ta* (3.9%)^ScS 

S^?7o^° r SU ^" P ° f 1 87 subciitaEous KALBITOR, 5 

£T£ft ^ % >f c P OT r cedana Phy^. Symptoms associated with these reactkms have 
included chej distort, flushing, pharyngeal edema, pruritus, riunorthea^eS^ 

Sfet^^-^ -=ns 

^"l^ 8 *?? lBdtafiw of hypersensitiviry reactions included the folfowimr 
pruntus (5.1%), rash (3.1%), and urticaria (2.0%). snowing: 

^erts^ould be observed for an appropriate period of time after administration of 

if^Smto account the tone to onset of anaphylaxis seen in clinical trials 
Grven tf»e s,m. larrty ,n hypersensitivity symptoms and acute HAE symptoms, patiente 
should be monuored closely in the event of a hypersensitivity reacuT 

KALBITOR should not be administered to any patients with known clinical 
hypersensitivity to KALBITOR (see Contraindications (4)\. 

6 ADVERSE REACTIONS 

"SnJf 3 ' T^r' 11 ^ 2 ^Maxis, have occurred in patients treated with 
KALB nrOR [see Contraindications (4) and Warnings and Precautions (5. 1)1 

6.1 Clinical Trials Experience 

Because clinical trials are conducted under varying conditions, adverse reaction rates 
trials of another drug and may not reflect the rates observed in practice. 

^p S l e< ;»? ta i eSC ^ faed M ° W reflect exposure to KALBITOR in 255 patients with 
HAE treated with either intravenous or subcutaneous KALBITOR. Of the 255 patients. 
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£>X-S8(ecaDantide) 

L14.13 Draft Label - KALBITOR 

~~ 27 November 2009 



»» H« were headaehe • 

(SS%), pruritus (5 I*X upper abdominal pain (sThKS^ ^ „• 
was reported in 3.9% of patients with HAE~iXm^S.S^ ( \ AMphyhws 

were.re.ted wMl .wSS^ S^SS^T^^^ 
a KALB1T0R a«ributed to treatment with KALBITOR. and safervZf 



— OofStoftedCIintca! Trials in Pattenfe «,»h ha C Trf ^ rt wfth .mn 


Adverse Reactions 


KALBITOR PIaceba 

— N=«K> IV-81 

n/o>\« -- _ 


Headache 
Nausea 
Diarrhea 
Pyrexia 

Injection site reactions 
Nasopharyngitis 


8(8%) 
5(5%) 
4(4%) 
4(4%) 
3(3%) 
3(3%) 


o(%r 

6(7%) 

10%) 
3(4%) 
0 

» 0%) 
0 


Patients experieodag more t& 
preferred term. 


a» I event with the same preferred term 


are counted only once for that 



W patients in EDEMAS and EOEMA4 received a second, open-label 30 
subcutaneous dose of KALBITOR within 24 hours folJowuJ^Sose^dverse 

otKALBITOR were consurtent with those reported in the patients receiving a single 
6.2 immuriogenicity 

Si^ 8 ^ P ?^ am> patients Sloped antibodies to KALBITOR. Rates 
of^nvers.on mcreased with exposure to KALBFTOR over time. OvemU,74% 0 ? 
P^nts seroconverted to arri-ecailantfde antibodies. Neutralfeing anliboSo 
ecaJiant.de were determined in vUro to be present in 4.7% of pafeus 
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Anti-ecallahtide and anti^. pastoris IgE antibodies were also detected. Patients who 
seroeonveit may be at a higher risk of a hypersensMvity reaction. The long-term effects 
of antibodies to KALBITOR arc not known. 

The test results for die ecallantide program were determined using one of two assay 
formats: ELISA and bridging eJectrochemaunnnescence <ECL). As with all therapeutic 
proteins, mere is a potential for immunogenicity with the use of KALBITOR. The 
incidence of antibody formation ts highly dependent on the sensitivity and specificity of 
the assay. Additionally, the observed incidence of antibody (including neutralizing 
antibody) positivity in an assay may be influenced by several factors, including assay 
rnethodology, sample handling, timing of sample collection, concomitant medications, 
and underlying disease. For these reasons, comparison of the incidence of antibodies to 
, KALBITOR with the incidence of antibodies to other products may be misleading. 

t DRUG INTERACTIONS 

Mo formal drug interactions studies were performed. No in vitro metabolism studies 
were performed. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

Pregnancy Category C 

There are do adequate and well-controlled trials of KALBITOR in pregnant women. 
KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 
Because animal reproductive studies arc not always predictive of human response, 
KALBITOR should be used during pregnancy only if clearly needed. 

In rats, intravenous KALBITOR at an intravenous dose approximately 13 times the 
maximum recommended human dose (MRHD) on a mg/kg basis caused increased 
numbers of early resorptions and percentages of resorbed conceptuses per litter in the 
presence of mild maternal toxicity. No development toxicity was observed in rats that 
received an intravenous dose approximately 8 times the MRHD on a mg/kg basis. There 
were no adverse effects of KALBITOR on embryofetal development in rats that received 
subcutaneous doses up to approximately 2.4 times the MRHD on an AUC basis, and in 
rabbits that received intravenous doses up to approximately 6 times the MRHD on an 
AUC basis. 

8.2 Labor and Delivery 

No information is available on the effects of KALBITOR during labor and delivery. 

8.3 .Nursing Mothers 

ft is not known whether ecallantide is excreted in human milk. Caution should be 
exercised when ecaltantide is administered to a nursing woman. 



Confidential 



Pagp5ofl0 



DyaxCorp. 



DX-SS (ecallahtide) 

1.14.1 J Draft Label • KALBITOR 



27 November 2009 



8.4 Pediatric Use 

S^^ effec<iv«essofKALBrrORmpatkaits below 16 years ofage have not been 
established. 

8.5 Geriatric Use 

Clhucal trials of KALBITOR did not include sufficient numbers of subjects aged 65 and 
over to determine whether they respond differently from younger subjects. In general, 
dose selection for an elderly patient should be cautious, usually starting at the low end of 
the dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac 
function, and of concomitant disease or other drug therapy. 

10 OVERDOSAGE 

There have been no reports of overdose with KALBITOR. HAE patients have received 
single doses up to 90 mg intravenously without evidence of dose-related toxicity No 
deaths occurred in monkeys that received intravenous or subcutaneous doses up to 25 
mg/kg (approximately 22 times the MRHD on an AUC basis). 

11 DESCRIPTION 



KALBITOR (ecaliantide) is a human plasma kaffikrein inhibitor for injection for 
subcutaneous use. 

KALBITOR is a clear and colorless, sterile, and nonpyrogenic solution. Each vial 
contains 10 mg ecaliantide as the active ingredient, and the following inactive ingredients: 
0.76 mg disodium hydrogen orthophosphate (dibydrate), 02. mg monopotassium 
phosphate, 0.2 mg potassium chloride, and 8 mg sodium chloride in water for injection, 
USP. KALBITOR is preservative free, with a pH of approximately 7.0. A 30 mg dose is 
supplied as 3 vials each containing I mLof 10 mg/mL KALBITOR. Each vial contains a 
slight overSll. Vials are intended for single use. Ecaliantide is a 60-amino-acid protein 
produced in Pichia pastor is yeast cells by recombinant DNA technology. 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 

Hereditary angioederna (HAE) is a rare genetic disorder caused bv mutations to 
Cl-esterase-inhibitor (Cl-INH) located on Chromosome 1 Iq and'inherited as an 
autosomal dominant trait HAE is characterized by low levels of Cl-INH activity and 
low levels of C4. Cl-INH functions to regulate the activation of the complement and 
intrinsic coagulation (contact system pathway) and is a major endogenous inhibitor of 
plasma kallikrein. The kalfikiem-kinin system is a complex proteolytic cascade involved 
in the initiation of both mflafnmatory and coagulation pathways. One critical aspect of 
this pathway is the conversion of High Molecular Weight (HMW) kininogen to 
toadykinin by the protease plasma kallikrein. In HAE, normal regulation of plasma 
kallikrein activity and the classical complement cascade is therefore not present During 
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attacks, unregulated activity of plasma kallikrein results in excessive bradykinm 
. generation. .Bradykinm is a vasodilator which is thought by some to be responsible for 
the characteristic HAE symptoms of localized swelling, inflammation* and pain. 

iCALBrrOR is a potent (Ki-25 pM), selective, reversible inhibitor of plasma kallikrein. 
KALBITOR binds to plasma kallikrein and blocks its binding she, inhibiting the 
conversion of HMW kininogen to bradyldnhu By directly inhibiting plasma kalUkrem, 
KALBITOR reduces the conversion of HMW kininogen to bradykinin and thereby treats 
symptoms of the disease during acute episodic attacks of HAE. 

12.2 Pharmacodynamics 

No exposure-response relationships for KALBITOR to components of the complement or 
kallikrein-kinin pathways have been established 

The effect Of KALBITOR on activated partial thromboplastin time (aPTT) was measured 
because of potential effect on the intrinsic coagulation pathway. Prolongation ofaPTT 
has been observed following intravenous dosing of KALBITOR at doses >20 mg/m 2 . At 
80 mg administered intravenously in healthy subjects, aPTT values were prolonged 
approximately two-fold over baseline values and returned to normal by 4 hours post- 
dose. 

For patients taking KALBITOR, no significant QT prolongation has been seen. In a 
randomized, placebo-controlled trial (EDEMA4) studying the 30 mg subcutaneous dose 
versus placebo, 12-lead ECGs were obtained at baseline, 2 hours and 4 hours post-dose 
(covering the time of expected C^), and at follow-up (day 7). ECGs were evaluated for 
PR interval, QRS complex, and QTc interval. KALBITOR had no significant effect on 
the QTc interval, heart rate, or any other components of the ECG. 

12.3 Pharmacokinetics 

Following the administration of a single 30 mg subcutaneous dose of KALBITOR to 
healthy subjects, a mean (± standard deviation) maximum plasma concentration of 
586 ± 1 06 ng/mL was observed approximately 2 to 3 hours post-dose. The mean area 
under the concentration-time curve was 3017 ± 402 ng*fn/mL. Following 
administration, plasma concentration declined with a mean elimination half-life of 
2.0 ± 0,5 hours. Plasma clearance was 1 53 ± 20 mL/min and the volume of distribution 
was 26.4 ± 7.8 L. Based on a population pharmacokinetic analysis, body weight, age, 
and gender were not found to affect KALBITOR exposure significantly. Ecallantide is a 
small protein (7054 Da) and renal elimination in the urine of treated subjects has been 
demonstrated. 

No pharmacokinetic data are available in patients or subjects with hepatic or renal 
impairment 
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13 NONCLINICAL TOXICOLOGY 

13.t Carcinogenesis, Mutagenesis, Impairment of Fertility 

KALBITOR tod no effects on fertUity and reproductive performance in rats at 
^taneous doses up to 25 mg/kg/day (approximately 21 times the MRHDon a mg/kg 

13.2 Animal Toxicology 

Reproductive Toxicology Studies 

KALBITOR has been shown to cause developmental toxicity in rats, but not rabbits. 

MRHDon a mg/kg basis) caused increased numbers of early resorptions and percentages 
of resorbed couceptuses per litter in the presence ofmild rrie^xicCiKer^ 
devdopment toxicity was observed in rats that received an intravenous dL of 

, f 2$f * (approximately 8 times the MRHD on a mg/kg basis). KALBITOR was 
not teratogen ic wrats at subcutaneous doses up to 20 mg/kg/day (approximately 
2.4 times the MRHD on an AUC basis) and rabbits that recdved inrTvemHis doses up to 
5 mg/kg/day (approximately 6 times the MRHD on an AUC basis). 

14 CLINICAL STUDIES 

-Hie safely and efficacy of KALBITOR was evaluated in 2 randomized, double-blind, 
placebo-con^ led trials (EDEMA4 and EDEMA3) in 168 patients wii HAE. PaSts 
tovmg an attack of hereditary angioedema, at any anatomic location, withatfeast l 
moderate or severe symptom, were treated with 30 mg subcutaneous KALBITOR or 
placebo. Because patients could participate in both trials, a total of 143 unique patients 
participated. Ofthe 143 patients, 94 were female, 123 were Caucasian, anXmeTl 
was36 years There were 64 patients with abdominal attacks, 55 with peripheral attacks 
and 24 with laryngeal attacks. 

In both trials, the effects of KALBITOR were evaluated using the Mean Symptom 
Complex Seventy (MSCS) score and the Treatment Outcome Score (TOS) These 
measures evaluated the severity of attack symptoms at all anatomical locations 
(MbCS score) and response to therapy (TOS). 

MSCS score is a point-in-time measure of symptom severity. At baseline, 4 hours, and 
24 hours, patients rated the severity on a categorical scale (0 = normal. 1 « mild, 
2 - moderate, 3 = severe) for symptoms at each affected anatomical location. Ratines 
were averaged to obtain the MSCS score. A decrease in MSCS score reflected an 
improvement in symptoms. 
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. TOS is a measure of symptom response to treatment At 4 hours and 24 hours, patient 
assessment of response characterized by their change from baseline in symptom severity 
tod coflected by anatomic site of attack involvement, was recorded on a categorical scale 
(significant improvement [100] > movement £50], same [0], worsening [-50], significant 
worsening [-100]). The response at each anatomic site was weighted by baseline severity 
ami then the weighted scores across all involved sites were averaged to calculate the 
TOS. A TOS value >0 reflected an improvement in symptoms from baseline* 

EDEMA4 

EDEMA4 was a randomized, double-blind, placebo-controlled trial in which 96 patients 
were randomized hi to receive KALBTTOR 30 mg subcutaneous or placebo for acute 
attacks of HAE. The primary endpoint was the change from baseline in MSCS score at 4 
hours, arid the TOS at 4 hours was a key secondary endpoint Patients treated with 
. KALBITOR demonstrated a greater decrease from baseline in the MSCS than placebo 
and a greater TOS than patients with placebo and the results were statistically significant 
(Table 2). At 24 hours, patients treated with KALBTTOR also demonstrated a greater 
decrease from baseline in the MSCS than placebo (-13 vs. -f .!; p - 0.04) and a greater 
TOS (89 vs. 55, p = 0.03). 

Tabfe 2: Change in MSCS Score and TOS at 4 Houre 

EDEMA4 EDEMA3 





KALBITOR 
(N-4S> 




Placebo 


KALBITOR 
<N=36) 


Placebo 
(N=36) 


Change in MSCS Score at 4 Hours 








n 


47 




42 


34 


35 


Mean 


-0J 




-0.4 


-1.1 


-0.6 


95% Cf 


-1.0,-0.6* 




-0.6,-0.1 


-L4,-0.8, 


-0,8,-0.4 


P-value 




0.010 




0.041 


TOS at 4 Hours 












o 


47 




42 


34 


35 


Mean 


53 




8 


63 


36 


95% Cf 


39, 6S 




-12, 2% 


49,76 


17,54 


P-value 




0.003 




0.045 



MSCS: Mean Symptom Complex Severity 
TOS: Treatment Outcome Score 
CI: confidence interval " 



More patients in the placebo group (24/48, 50%) required medical intervention to treat 
unresolved symptoms within 24 hours compared to the KALBITOR-treated group 
(16/48,33%). 

Some patients reported improvement following a second 30 mg subcutaneous dose of 
KALBITOR, administered within 24 hours following the initial dose for symptom 
persistence or relapse, but efficacy was not systematically assessed for the second dose. 
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KDEMA3 - * 

l&EMA3was a randomized, double-blind, placebo-controlled trial in which 72 patients 
were randomized 1 : 1 to receive KALBITOR or placebo for acute attacks ofHAE. 
EDEMA3 was similar in design to EDEMA4 with the exception of the order of the 
prespecified efficacy endpoints. In EDEMA 3, the primary endpoint was the TOS at 
4 hours, and the key secondary efficacy endpoint was the change from baseline in MSCS 
at 4 hours. As in EDEMA4, patients treated with KALBrTOR demonstrated a greater 
decrease from baseline in the MSCS than placebo and a greater TOS than patients treated 
with placebo and the results were statistically significant (Table 2). 

In addition, more patients in the placebo group (13/36, 36%) required medical 
intervention to treat unresolved symptoms within 24 hours compared to the 
KALBITOR-treated group (5/36, 14%)* 

16 HOW SUPPLIED/STORAGE AND HANDLING 

KALBITOR (ecallantide) is supplied as three 10 mg/mL single-use vials packaged in a 
carton. Each vial contains 1 0 mg of ecallantide. Each vial contains a slight overfill. 

• NDC (47783-101-01): 3 single-use vials in 1 carton 

KALBITOR should be kept refrigerated (2°C to 8*0/36^ to 46°F). Vials removed from 
refrigeration should be stored below 86T/30 ft C and used within 14 days or returned to 
refrigeration until use. 

Protect vials from light until use. 

Do not use beyond the expiration date. 

Draft November 27 t 2009 

17 PATIENT COUNSELING INFORMATION 

♦ Patients should be advised that KALBITOR may cause anaphylaxis and other 
hypersensitivity reactions. Patients should be advised that KALBITOR should be 

- administered by a healthcare professional with appropriate medical support to 
manage anaphylaxis and hereditary angioedema. Patients who have known 
clinical hypersensitivity to KALBITOR should be instructed not to receive 
additional doses of KALBITOR- [see Boxed Warnings Contraindications (4) 9 and 
Warnings and Precautions (5 J)] 

* Patients should be advised to consult the Medication Guide for additional 
information regarding the risk of anaphylaxis and other hypersensitivity reactions. 
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. Medication Guide 
KALBITOR 9 (KAL-bt-tor) 
(ecallantide) 

Read thfe Medication Guide before you start receiving KALBITOR and before each 
treatment There may be new information. This Medication Guide does not take the 
place of iaikmg to your doctor about your medfcal.condition or your treatment. 

What is the most important information that I should know about KALBITOR? 
Serious allergic reactions may happen in some people who receive KALBITOR. These 

• ^L&ITORshouldbegiventoy^ 

where senous allergic reactions and hereditary angioedema (HAE) can be treated. 

• Symptoms of a serious allergic reaction to KALBITOR can be similar to the 
symptoms of HAE, the condition that you are being treated for. Yourdoctoror 
wXf^rr^ ^ ^ S,>S ° fa Sen ' OUS a ft^ treatment 

• Tell your doctor or nurse right away if you have any of these symptoms of a 
serious allergic reaction during or after treatment with KALBITOR: 

• whee^g, shortness of breath, cough, chest tightness, or trouble 
breathing 

■ dizziness., feinting, fast or weak heartbeat, or feeling nervous 

• reddening of the face, itching, hives, or feeling warm 

• swelling of the throat or tongue, throat tightness, hoarse voice or 
trouble swallowing 

• ninny nose or sneezing 

What is KALBITOR? 

KALBITOR is a prescription medicine used to treat sudden attacks of hereditary 
angioedema (HAE). y 

KALBITOR is not a cure for HEAE. 

It is not known if KALBITOR is safe and effective in children under 16 years of age. 

Who should not receive KALBITOR? 

Do not receive KALBITOR if you are allergic to KALBITOR. 

What should I fell my doctor before I receive KALBITOR? 
Before receiving KALBITOR, tell your doctor if you: 

• ^^^^^^ ctcaaiontoKALBrT0 ^ See«WhoshouIdnottake 

• are pregnant or plan to become pregnant It is not known if KALBITOR will harm 
your unborn baby. 

• are breast-feeding or plan to breast-feed. It is not known if KALBITOR passes into 
your breast milk. 
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Tell your doctor about all the medicines you take, including prescription arid 
non-prescription medicines, vitamins, and herbal supplements. 

Know the medicines you take. Keep a list of tfaem to show to your doctor and pharmacist 
mien you get a new medicine. 

How will I receive KALBITOR? 

For each dose, you will receive 3 infections just under the skin (subcutaneous or 
SC injections) of your abdomen, thigh, or upper arm. 

What are the possible side effects? 

KALBITOR can cause serious allergic reactions. See "What is the most 
important information 1 should know about KALBITOR?"). 

Common side effects of KALBITOR include: 

headache 

* nausea 

* diarrhea 

* fever 

* injection site reactions, such as redness, rash, swelling, itching, or bruising 

* stuffy nose ; 

Call your doctor for advice about side effects. You may report side effects to FDA at ! 
1-800-FDA-1088. 

General information about KALBITOR 

Medicines are sometimes prescribed for purposes other than those listed in a Medication 
Guide. This Medication Guide gives you the most important information about 
KALBITOR. If you would like more information, talk with your doctor. You can ask 
your pharmacist or doctor for information about KALBITOR that is written for health 
professionals. 

What are the ingredients of KALBITOR? 

Active Ingredient ecaJfantide 

Inactive ingredients: disodium hydrogen orthophosphate (dihydrateX monopotassium 
phosphate, potassium chloride, sodium chloride in water for injection. 

Manufactured for Dyax Corp. 

300 Technology Square, Cambridge, MA 02 1 39 

Issued Month Year 

This Medication Guide has been approved by the U.S. Food and Drug Administration. 
VS. License No. 1789 
©2009 Dyax Corp. 
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In ie U.S. Patent No.: 7,276,480 Attorney Docket No.: D2033-?; 12 US/10280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C Ley 
Assignee: Dyax Corp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 
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Terminal Disclaimer 



Attorney's Docket No.: 1(G8(W^ )03 /HB4K-04DIV 

ATTACHMENT E 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : Robert C. Ladner et al. Art Unit : 1656 

Serial No. : 11/323,261 Examiner : Marsha MTsay 

Filed : December 30, 2005 Conf.No. : 5442 

Title : PREVENTION AND REDUCTION OF BLOOD LOSS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

TERMINAL DISCLAIMER UNDER 37 C.F.R. U 3.73rtrt AND 1321(b1 

Pursuant to 37 C.F.R. § 3.73(b), DYAX CORP., a corporation, certifies that it is the 
assignee of the entire right, title, and interest in the above-referenced application by virtue of: 

EJ An assignment from the inventors of the above-referenced patent application. 
The assignment was recorded in the Patent and Trademark Office at Red 017499 . Frame 0493 
on A pril 18.2006 . or a copy thereof is attached. 

To the best of undersigned's knowledge and belief, title is in the assignee identified 

above. 

Hie undersigned (whose title is supplied below) is empowered to act on behalf of the 
assignee. 

Pursuant to 37 GF.R. § 1 .321(b), and to obviate a double patenting rejection, the assignee 
identified above hereby waives and disclaims the terminal portion of the tain of the entire patent 
to be granted upon fee above-referenced application subsequent to the expiration date of the 
patent to issue from U.S. Patent Application Serial No.: 10/456,981 provided that any patent 
granted on the above-referenced application shall be enforceable only for and during such period 
that it is commonly owned with the patent to issue from U.S. Patent Application Serial No.: 
10/456,981. 



Applicant : Robert CLadneretaL 

Serial No. : 11/323^61 

Filed : December 30, 2005 

Page : 2 of 2 



Attorney'* DocketNo.: 10280-094003 /HB-02-04 DIV 



The assignee identified above does not disclaim any terminal part of any patent granted 
oa the above-referenced plication prior to the expiration date of the full statutory term of the 
patent to issue from U.S. Patent Application Serial No.: 10/456,981 in the event that it later: 
expires for failure to pay a maintenance fee, is held unenforceable, is found invalid, is statutorily 
disclaimed in whole or terminally disclaimed under 37 CF.R. § 1321(a), has all claims 
cancelled by a reexamination certificate, or is otherwise terminated prior to expiration of its 
statutory term, except for the separation of legal title as stated above. Assignee herein does not 
disclaim or otherwise affect any part of die patent to issue from UJS. Patent-Application Serial 
Na: 10/456,981 

This disclaimer runs with any patent granted on the above application and is binding 
upon the grantee* its successors or assigns. 

Enelosedisa(&eckfb*$130to Please 
apply any other charges or credits to Deposit Account No. 06-1050* 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title IS of the United State 
Code and that such willful false statements may j eopardize the validity of the application or any 
patent issued thereon. 
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Date : 




Ivana Magovcevic-Liebitsch 
Title: 



Fish & Richardson P.C. 
225 Franklin Street 
Boston, MA 021 10 
Telephone: (617)542-5070 
Facsimile: (617)542-8906 
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Assignee: DyaxCorp. 
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HELLER EHRMAN LLP 
275 MIDDLEFIELD ROAD 
MENLO PARK CA 94025-3506 



Commissioner for Patents 

United States Patent and Trademark Office 

P.O. Box 14S0 

Alexandria, VA 22313-1450 
www.wplo.oov 



In re Patent No. 7,276,480 LADNER et al 
Issue Date: October 2, 2007 
ApplNo.: 11/323,261 
Filed. December 30, 2005 
For Correction of Inventorship 



DECISION GRANTING 
PETITION 

37 CFR 1.324 



This is a decision on the petition filed October 12, 2007, to correct inventorship under 37 
CFR 1.324. 



The petition is GRANTED . 

The patented file is being forwarded to Certificate of Corrections Branch for issuance of a 
certificate naming only the actual inventor or inventors. 




i R. Dixon, Jr. 
Special Program Examiner 
Technology Center 1600 
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Commissioner for Patents 
United States Patent and Trademark Office 

P.O. BOX 1450 

Alexandria. VA 22313-1450 

www.ujplo.0ov 



DATE: December 27, 2007 

TO: Certificates of Correction Branch 

FROM: William R. Dixon, Jr. 

Technology Center 1600 
SUBJECT: REQUEST FOR CERTIFICATE OF CORRECTION 



Please issue a Certificate of Correction in U. S. Letters Patent No. 7,276,480 as specified 
on the attached Certificate. 

Please put Julie Burke as the signatory official on the certificate as I will be retired by the 
time the certificate is prepared. 




Technology Center 1600 



UNITED STATES PATENT AND TRADEMARK OFFICE 



CERTIFICATE 



Patent No. 7,276,480 
Patented; October 2, 2007 

On petition requesting issuance of a certificate for correction of inventorship pursuant to 35 
US.C. 256, it has been found that the above identified patent, through error and without 
deceptive intent, improperly sets forth the inventorship. Accordingly, it is hereby certified that 
the correct inventorship of this patent is: 



Robert C. Ladner 
Arthur C. Ley 




William R. Dixon, Jr. 
Special Program Examiner 
Technology Center 1600 
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USPTO 

Home 





United States 

Patent and ATTACHMENT G 

Trademark Office 



Patent Maintenance Fees 


12/29/2009 01:46 PM EST 


Patent Number 


7276480 


Application Number: 


11323261 


Issue Date: 


10/02/2007 


Filing Date: 


12/30/2005 


Window Opens: 


10/04/2010 


Surcharge Date: 


04/05/2011 
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Attachment HI 



Letter from FDA acknowledging receipt of the first IND 



M^AftlMENT OP HEALTH & Hr ~ fcjf SERVICES hTtJ^ 1 ^^^ 




Our Reference: BB-IND 10232 ^ * 8 2002 



and Regulatory Afifrfrs 



Pood and Drug Admbifeuatlon 
1401 RodcwBePSke 
Rockvffle MD 20852-1448 



Attention: Lynn G. Baird, PhJX 



300 Technology Square 
Cambridge, MA 02139 

Dear Dr. Baird: 



The 



asagnirf to ais application. Xfcwser«irf»^i*Sr - BWM> ™n*er lave ten 



Center 



BB*IND#; 10232 
SPONSOR* ^Corporation 
PKODUCTNAME: PfosmaKallikrein 



, Avecia 



DATE OF SUBMISSION: Janpary 10, 2002 
DATE OF BJ&CEEPT: Jaaoary 11, 2002 



This 



Well as telephone inquiries cooce^M V^^**?** *** Emissions, as 

™*?*^<* to this fflt He^incIudett«^SS? 7%*°? *** ^ ^ ° f 
reproduce weU. ^ originals of all illustrations which do not 



ft is understoo d that studies m humane ™ii t.~ - 

cotrecfion before f^^^ "j™^ of^taSd^Hies 

■a mtft« of the reasons fer placing & BJDwlSl ' you te ""^ 



fage 2 - fiB-IND 10232 



copy of 21 CFR Part 312, V^^^mi^^^^^^J^ 0 ^ (CFR). A 

<*toftus of an IND sponsor m^^^^J^^T 8 fT* 

be apprehensive. «^««iea ror your information only, and arc not intended to 



^^^tomanLdsmdiesX^^j^^ 



receipt 



(Le. , the range of acceptable results). specifications when established 



is not permitted without 



^^i^ stages jsiiea&dtosaaoo[tth&9afetv n ftt,' 
ooodocttd fa coimliaiice with *Bi»*^^^v^* top, ^ s,IOB M«» 

Laboratory Stoto^S^tT^Z fl,^ t^^T Practice for No-dUcal 

.*«. evicted in ^a-dteto.enot 

IND. ffyou did noting a 

be addressed. WAJmuon «** tor additional information on how these reomreinents 



imay 



I 
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zaiynone mqoines conc^^ 

Oatttr for Biologies Evaluation aid Research 

1401 RocJcville Kfcc 
RockviHe, MD 20852-1448 

If ^aoycon**** ate m abn*^^^^ 



KarenD. Winestock 



^sfan of Application Review and p&ficy 
Office of Therapeutics 

Research and Review 
Center for Biologies 

Evaluation and Research 



Enclosures (3): 21CFRPart 312 

■ 21 CER 50.20, 50.25 
Information sheet on 21 CFR 25.24 
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Attachment H2 



Contact Report for DYAX-FDA Teleconference of February 8, 2002 



RECORD OF CONTACT 

CONTACT: Scott Proestel DATE OF CONTACT: 08 February 2002 

DATE OF REPORT: 08 February 2002 




DYAX: Lynn G. Baird, Tony Williams, IND#: 10232 
Jeff Peart 

cc: Henry Blair, ShilHirani, 
Tony Williams, Jeff Peart 

SUBJECT: Stopping Rule 

We called Scott Proestel on 08 February 2002. He acknowledged that he had 
received our fax. He said that our proposed stopping rule looked satisfactory to 
him and he was scheduled to review it with his supervisor in the next half hour or 
so. He would get back to us after they had conferred. 

In the fax, we indicated that we would like to clarify the outcome of yesterday's 
discussion on replacement of patients. Scott said that all patients who are 
treated on study should be followed for 28 days for safety. Patients who do not 
receive study medication can be replaced; those who have receive study 
medication should not be replaced. Tony asked if we could replace a patient 
who was treated but from whom no PK samples were collected. Scott did not 
think such patients should be replaced, although he offered to discuss the matter 
with his supervisor if we wanted. Lynn suggested that rather than trying to define 
appropnate exceptions in the protocol, we consider calling Scott to discuss any 
patient for whom we thought replacement was justified. Tony agreed to replace 
only non-dosed patients and to call if he felt there were justifiable exceptions. 

Scott said that he would call in a half an hour or so about the stopping rule after 
talking with Ellis Unger. He called and said everything looked satisfactory with 
the exception of one number. The proposed SAE trigger of greater than 3 of 4 
was too high. They recommended setting this trigger at 2 of 4. I agreed that we 
would make the change. Scott said that we could proceed with our Phase l/ll 
clinical trial. He asked that we submit the amended protocol as an IND 
amendment. I assured him that we would. 
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Attachment I 

Letter from FDA acknowledging receipt of the second IND 



ATTACHMENT I 

DEPARTMENT OP HEALTH & HUMAN SERVICES 



Food and ftug AdmHstniiait 
CUU£ Rockvate MD 20852-1448 

Oar Reference: BB-IND 10426 



Attention: Lynn G. Baird, PhuD. 
Senior Vice President, Development 
300 Technology Square 
Cfcffibridge, MA 02139 

Dear Dr. Band: 

«te<^tses«rdc<*iiote^ "np^tnat tnis Center 

BB4ND#: 10426 . 
STC9^CWfc Dyax O>rpo«tion 

&ATE OF SUBMISSION: April 30, 20112 
I>ATE OF RECEIPT: May 1,2002 

1^ BlHND jmnAer should be used to identify all fotoe corftsiKMidencc and sirfinn^oBS as 

fTlSJ ^ toan 810465 001 b W il ^ «ndostood that you wfll continue 

to wriAold such studies until you are notified that the material you have^bnSeX^^ 

m writing of the reasons for placing the IND on hold. you wmDenootied 



*^2-BB-INt>10426 



beccmpretausive. «^"uea ior your mformatton only, and are not intended to 



**<*M <o Ms Division 19 ^to^Sta^l^ "* ^ mSfhT^ 



"""tag, to Om Wvfata, „„, „, ^ <*■«» ™*. mw be aeoai*, to 

of ttl. Uwdn pi CFR 3lSS^^ , ^ fl ^«*^<l^^iDw5n» ! ^t 

AH laltaraioiy adtoaj smdies 

J®. If you did not ^de7re^^ f ^T^ "S^**' te * «* 

ffie enclosed iofonnatian sK^^ < S W ^ on ' I*** 
be addressed ^^"^^ 



£age3-BB-lNr)10426 



l^lRodcvflfeMke 
Ra *v»He, MD 20852-1448 

Siaeeiery yours, 
vKar<°~* WK — ^ 



KfSuktory Fioject Manager 

Research and Review 
Center for Biologies 
Evaluation and Research 

fitetos w» (3); 21 CFR Fart 312 

21 CFR 50.20, 50.25 
Information sheet on 21 CFR25.24 
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Attachment J 



Letter from Dyax to the Center for Biologic Evaluation and Research dated May 
3 1, 2002 which summarized the May 30, 2002 telephone conference 
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1. NAME OF SPONSOR 




2. DATE OF SUBMISSION 


DyaxCoxp. 




31 May 2002 


3. ADDRESS (Number. Steel. C8y> State 


and Zip Code) 


4. TELEPHONE NUMBER 


300 Technology Square 
Cambridge, MA 02139 




(Include Area Code) 
617-250-5705 


6. NAME(S) OF DRUG (Include a8ava8ab 


>te names: Trade. Generic, Chemical Code) 


e. IND NUMBER (if previously assigned) 


DX-S8 (Recombinant Human PI 


qsxosl Kallikrein Inhibitor) 


BB-IND # 10426 



DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 
FOOD AND DRUG ADMINISTRATION 

INVESTIGATIONAL NEW DRUG APPLICATION (IND) 

(TITLE 21, CODE OF FEDERAL REGULATIONS (CFR) PART 312) 



Form Approved: OMB No. 09 10-001 4. 
Expiration Data: September 30. 2002 
See OMB Statement on Reverse. 



NOTE: No drug may be shipped or cfinfcal 
investigation begun unto an IMD for that 
tnvestfgatton Is to effect (21 CFR31Z40). 



7. INDICATIONS) (Covered by Ms submission) 
Hereditary Angioedema 



8. PHASE(S) OF CUNJCAL INVESTIGATION TO BE CONDUCTED: 



□ PHASE 1 g] PHASE 2 □ PHASE 3 □pTHER_ 



(Specify) 



*.yUST NUMBERS OF ALL INV ESTIGA TIONAL NEW DRUG APPLICATIONS (21 CFR Part 312), NEW DRUG OR ANTIBIOTIC APPLICATIONS 
Cm Part 3UX DRUG MASTER FILES (21 CFR Part 314.4201 AND PRODUCT LICENSE APPLICATIONS (21 CFR Part 601) REFERRED 
TO IN THIS APPLICATION 

BB-IND # 10232 



10. IHO submission should be consecutively numbered. The initial IND should be numbered 
N "Serial number: 000." The next submission (e.g., amendment, report, or correspondence ) 
should be numbered "Serial Number: 001." Subsequent submissions should be 
numbered consecutively in the order in which they are submitted. 



SERIAL NUMBER 

0 0 2 



11. THIS SUBMISSION CONTAINS THE FOLLOWING: (Check aX that apply) 

□ INITIAL INVESTIGATIONAL NEW DRUG APPLICATION (IND) 



PROTOCOL AMENDMENT(S); 

NEW PROTOCOL 

□ CHANGE IN PROTOCOL 

□ NEW INVESTIGATOR 



INFORMATION AMENDMENTS): 

□ CHEMISTRY/MICROBIOLOGY 

□ PHARMACOLOGY/TOXICOLOGY 

□ CUNICAL 



Q RESPONSE TO CLINICAL HOLD 
IND SAFETY REPORTS* 

□ INITIAL WRITTEN REPORT 

□ FOLLOW-UP TO A WRITTEN REPORT 



Q?J RESPONSE TO FDA REQUEST FOR INFORMATION 

□ REQUEST FOR REINSTATEMENT OF IND THAT IS WITHDRAWN. 
\ INACTIVATED. TERMINATED OR DISCONTINUED 



□ ANNUAL REPORT 
□ OTHER _ 



□ GENERAL CORRESPONDENCE 



(Specify) 



CHECK WILY IF APPLICABLE 




FOR FDA USE ONLY 



CDR/DBIND/DGD RECEIPT STAMP 



DOR RECEIPT STAMP 



DIVISION ASSIGNMENT: 



IND NUMBER ASSIGNED: 



FORM FDA 1571 (10/99) 



This document was f*B9^%fiRglP!Ma^8fc^fat 10:25:37 
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r^i^i to* HSC Mc4. Aom BrmJi 130!) 443^434 t 



CONTENTS OF APPLICATION 

This application contains the following Items: (Check all that apply) 



J 1. Form FDA 1571 [21 CFR31Z23(aXV] 

□ 2. Table of Contents f?f CFR 312£3(a)&)} 

□ 3. Introductory statement [21 CFR 31223(a)(3)} 

□ 4. General Investigational plan [21 CFR 31223(a)(3)] 

□ 5. IrwesQgator's brochure [21 CFR 31Z23(aX5)] 

□ &Pitfo6cmP1CFR31223(aX6)} 

Q a. Study protocols) [21 CFR 31223(aX$)] 

□ b. Investigator data [21 CFR 31223[aX6)(Si)(P)] or completed Fomn(s) FDA 1572 

□ a Facilities data /2/ CFR 312J23(aX6)fflfl>)J or completed Form(s) FDA 1572 

□ d. Institutional Review Board data [21 CFR 31223[aX6)(utXb)] or completed Form{s) FDA 1572 

□ 7. Chemistry, manufacturing, and control data [21 CFR 31223(a)(7)) 

□ Environmental assessment or claim for exclusion [21 CFR312.23(a)(7){wXe)] 

□ a Pharmacology and toxicology data [21 CFR 31223(a)(8)] 

□ 9. Previous human experience [21 CFR 31223(a)(9)] 
□10. Additional information [21 CFR 31223(a)(10)J 



13. IS ANY PART OF THE CUNICAL STUDY TO BECONOUCTH> BY A CONTRACT RESEARCH ORGANIZATION? Q YES (3Q NO 

tF YES, WILL ANY SPONSOR OBLIGATIONS BE TRANSFERRED TO THE CONTRACT RESEARCH ORGANIZATION? □ YES [X] NO 
IF YES, ATTACH ASTATEMEMT CONTAINING THE NAME AND ADDRESS OF THE CONTRACT RESEARCH ORGANIZATION. 

©anriFicAnoN of the cunigal study, and a listing of the obligations transferred. 



ID 



N NAME AND TITIEOF THE PERSON RESPONSIBLE FOR MONITORING THE CONDUCT AND PROGRESS OF THE CLINICAL 
INVESTIGATIONS 



Anthony BL Williams, MA, MRCP, MB, MS 
Sr. Vice President 

Medical Affairs and Clinical Operations 



15. NAMEfS) AW) TTTLE(S) OF THE PERSON(S) RESPONSIBLE FOR REVIEW AND EVALUATION OF INFORMATION RELEVANT TO THE 
SAFETY OF THE DRUG 



Anthony R Williams, MA, MRGP, MB, MS 
Sr. Vice President 

Medical Affairs and Clinical Operations 



Lynn G* Baird, PhD 
Sr. Vice President 
Development 



I agree not to begin clinical investigations until 30 days after FDA's receipt of the tND unless I receive earlier notification 
fay FDA that the studies may begin. I also agree not to begin or continue clinical Investigations covered by the IND if 
those studies are placed on clinical hold, t agree that an institutional Review Board <1RB) that compiles with the 
requirements set fourth in 21 CFR Part 56 will be responsible for initial and continuing review and approval of each of the 
studies In the proposed clinical Investigation. I agree to conduct the investigation in accordance with all other applicable 
regulatory requirements. 



1& NAME OF SPONSOR OR SPONSOR'S AUTHORIZED 
REPRESENTATIVE * 

Lynn G. Baird, PhD 
Sr. Vice President 
Development 



17. SIGNATURE OF SPONSOR OR SPONSOR'S AUTHORIZED 
REPRESENTATIVE 




18. ADORESS (Number. Street, Oty, State andZipCode) 

Pyax Corp. 

300 Technology Square 
Cambridge, MA 02139 



JHE NUMBER 
fAr&a Code) 

617-250-5705 



20. DATE 



kcd. 




HMO* Awffifufly false statement tea criminal offense. OS.C. Title 13, Sec. 1001.) 



reporting burden for this collection of information Is estimated to average 100 hows per response. Including the time for reviewing Instructions, 

ing existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments 

regarolng this burden estknaia or any other aspect of this coHectlon of information. Inducting suggestions tor reducing this burden to: 
Food and Drug Administration - Food and Drug Adrntnistratlon *An agency may not conduct or sponsor, and a 

C8ER(HFM-99) COER (HFD-04) person is not required to respond to, a 

1401 Rockvfife Pike 5516 Nicholson Lane collection of information unless it displays a 

RockvtDe, US> 20852-1448 Kensington, MB 20895 currently valid OMB control number * 

^ . t Please OO NOT RETURN this appBcaUon to this address. 
Thie document woo printed o n 24 May 2007. dl 10.2fl:i T am. — 



CHDM CflA 4«T74 M1\tQ&\ 
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Dyax Corp. 



300 Technology Square 
Cambridge, MA 02139 

Phone 617 225 2500 
Fax 617 225 2501 



Dyax 



31 May 2002 



BB-IND # 10426, Serial 002 



Dr.JaySiegel 

Center for Biologies Evaluation and Review 
HFM-99,Room200N 

Attention: Office of Therapeutics Research and Review 
1401 Rockville Pike 
Rockvilie, MD 20852-1448 

Re: DX-88 (Recombinant Human Plasma Kallikrein Inhibitor) for Treatment of 
Hereditary Anaioedema 

Attention: Karen Winestock 
Dear Dr. Siegel: 

This letter is a summary of a teleconference on 30 May 2002 with Anita 
O'Connor and Scott Proestel, and a follow-up of a teleconference on 29 May 
2002 (reference BB-IND # 10426. Serial 001). Teleconference participants 
representing Dyax were Lynn Baird, SVP Development, Tony Williams, SVP 
Medical Affairs and Clinical Operations, and Jeff Peart. Manager Regulatory 
Affairs. 

Dr. Proestel and Ms. O'Connor had reviewed a facsimile copy of Serial 001 and 
had four follow-up comments/questions: . 

1. Regarding the requested change from an absolute milligram dose in the 
proposed study to a dose based on mg/m 2 body surface, what numerical doses 
are being considered? 

Dr. Williams indicated that doses from of 5, 1 0. 20, 40 mg/ m 2 body surface would 
be used. He had selected these doses based on the originally proposed doses 
of 10, 20, 40. and 80 mg and a surface area of an average person of 1 .92 m 2 . 
An upper limit for surface area of 2.5 m 2 will be used to prevent potential 
overdosing. 

Zltis suggested that the stopping rule associated with patient death apply to all 
deaths rather than "medical" deaths. Alternatively, specific events leading to 



death could be identified. This should not delay study enrollment as CBER 
review of unrelated deaths will be rapid. 

Dyax agrees to write the stopping rule to include all deaths. 

3. Dr. Proestel clarified that it would be acceptable to treat up to fifty patients, not 
episodes, in the proposed study. 

Dyax agrees. However, the protocol as written allows for treatment of 48 attacks, 
and will be amended to treat 48 patients. 

4. Dr. Proestel asked for clarification regarding how we intended to deal with 
potential retreatments. 

Dr. Williams stated that patients would be treated under a separate protocol 
rather than under the existing protocol for administrative reasons. 

Dr. Proestel confirmed that the clinical trial could be initiated. However, Dyax 
must submit a revised clinical protocol to the IND before patient enrollment 
begins. Dyax agreed to submit the protocol in a subsequent amendment. 

Please contact me by telephone at 617-250-5705 or telefax at 617-225-2501 if 
you need any additional information or require any clarification. 



Sincerely, 



Lynfo/G. Baird, Ph.D. 
Senior Vice President 
Development 
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Attachment K 



Communication dated June 12, 2008 from Dyax Corp. to the Center for Drug 
Evaluation and Research discussing conveyance of BB-IND#10232 to Cubist 
Pharmaceuticals 



A'lTACUMENT K 



1 OEPARHIOITOFMEALTO AND HUMAN SERVICES 
1 RX3D AND DRUG ADMBflSTRATlON 

J INVESTIGATIONAL NEW DRUG APPLICATION /mm 
Omsk c^o^ m^^^^jliy 

J 1 - *AMEQF SPONSOR " ' : - # 

I Dyaxcorp. 

J* ™ jui ^< Aft ^';^ — ■ : 


1^ Approved: OMB No. 091OO430 I 
Expiration Date: Aprd30,20Q9 I 


N^J^dn^may shipped or cfinical I 

S^ffitet^ 1 ^^ »*> that 1 
TOes *^9 a «oo Is u% effect (21 GFR 312.40). * 1 

2. OATEOF SUBMISSION 7 ~ "^1 

- 06/12/2008 . I 


I 300 Technology Square 
[ Can*ric^. MA 02139 



^"^Mia^^SSwr^^^^ — 1 ______ 


4. teuphonenu&jber ~ 1 

617-25(^5773 ( 

^^SSS^^^^^" — j 

10232 j 



For Use In! 



s Procedures 



l& PHASBtSJOFaj^wvEST^T^TOBECavjOOCreDT 

. ' QPKASE, 0PHASE2 QpiiASE3 Q OTHER ■ , 

f ^^^^^t ^'^if^ ^°™°k, W. U-H Ha, 3 «g, New ^ ^ ^ =d 
tdwthsappucaW dM4a% and product ikb^J^JEXE antibiotic appucahonsI 

WO#10426 " ««JCA1K»IS (21 CFR Part eo,, RErewaf 



^ — 



j Q WEWPROTOCOt 
I O PROTOCOL 
D NEWWVES71GATOR 



□ 

□ 

Q-CUraCAL 



SERIAL NUMBO* 
100 



Q ^ESTONS^TOCUNfCALHOtO 
WD SAFETY R8PORT|S): 

O wwnALtwvneyiREPOfnr 

O TOLLOW4iPTOAVWm»lRa>ORr 



tBtibRMATlGn 



O ANNUAL REPORT |/| 

0 other Transfer of IMP 



(Specffy) 



C>ffif^OMLYiFAPinjr^fM~ 



^^^tNO^DGO nECBPTSTAMP 



I FDA 1571 (4/Q6) 



prewous avnoM rs gbsoihte. 



DESIGN ASSIGNMENT: 



NUMBER ASSIGNED; 
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EP 



12. 



[0 1- Form FDA 1571/27 CFR31223(a)(1)] 

□ a 



Thfe appficattonoonlains the following items: (Check aB that apply) 




I O S- •nv8s^atort| ) rocfttire/2?1 CFR 31223(a)(5)] 
Q & P»Otoco|{s) /2/ CFR 31223(a)(6)] 

O a Study protocols)/;?* CFR31223(ami 
Q fc i— 1— — 

□ <X 

| ri , " 4 ' ' wtuu wna/ia <^312J&aM6ffij 

I LJ 7. Chentisby. manufacture and control data f?T CFR 31 233(a)(7)] 

In « «wJB?*^^ 




fs) FDA 1572 
or comptetedFom^s) FDA 1572 




[s) H>A 1572 



I Pia AdcfiSanal Woimatioo [21 CFR31Z23(a)(10)J 
I Andrew SternficM. MD„ Ph_D. 



lis. 



BaPutfanaaMO^PfwO. 

ExecuftreVioe President and Chief Development Officer 



— ■ 



|*6w 



RQ 3 RESBMTA7IVE 

Wfoote DAutart 



DyaxGoip. 

300TecftnotogySquaife 
Cambridge, MA 02139 

[ (WARNWG; AwjguOy teisestatemem Is a criminal o«W 




19. 7ELEPH0NENUMBER 



20. DATE 



06/12/2008 



^^rtr^olHeaah and Hun«n Services 



617-250-5773 

U^C-TBs 18. Sea loot.) 

hours | _ ^ ^ ^ 



or any 



CtoWOxumertfloom 
[ S9W-BAnwicndateRoad 
! BettsvO^UD 207082-1268 

«WMFDA157r{iWW) 



1401 RocfcwflePike 
Rockvfite, MD 20852-1448 
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IND #10232, Serial 100 



. 300 Technology Square 
. Cambridge, MA 02139 
Di«v^ m Phone (617)226-2500 

. qyaxcorp. . fax (617)225-2501 

12 June 2008 . 

. Owayne RieveSj MO 
Therapeutic Biological Products Doojment Room 
Center for Drug Evaluation and Research 
Food and Drug Administration 
6901-B Ammendale Road 
BeftsviOe, MD 20705-1266 

** ^S^L mi , J^ nfe Un **?°^ Cardiopulmonary Bypass Procedures 
^L^/Si??^ 8 ? ecombi " a «t ""man Plasma KalliSnWbtom 
General Gorresppndence: Notice of Transfer of IND #10232 

PearDr. Rieves: 

OX^^^SS ^ to notify the FDA that sponsorship of IND 10232 

or June 16, 2008. AH documents associated with IND 10232 hav*» h^Tfa^fiL!^^ 

«ood Los, Associated «ith Heart Su^nr R^^SKn^^ ]> ^ 0 " 
Jnasepaate submission to IND 10232, Cubist PhanraceuSeate Inc wJI notifvihe fda 



included in r*a* * o»l T u . " uu ' '^"" .in nmop ror mn 10332 ao o f Mi ne 16, 2000, - 




Senior Director of Regulatory Affairs 
Submitted in triplicate; 



Confidential 



Pagelofl 
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Attachment L 

Communication from Dyax Corp. to the Center for Drug Evaluation and Research 
dated June 13, 2008, in which BB-IND#10426 was amended 



ATTACHMENT L 



O^AimorroFHEALTH AND HWWHSERWCES 
FOOD AND DOUG ADMINISTRATION 

Wn^TlGAllONAL NEW DRUG APPUCATOUi m.m 



[ 1 - HAWEOF SPONSOR 

QyaxCorp. 



| a ADOftes Oft State** Zip Cote) ' 

300Technotogy Square 
Caml ***9e.fc!A 02139 



[5. WAM^OFORUG flnctt^eaffav^^ 



17. 



QATEOF SUBMISSION 
TELB>H0NE NUMBER ' 



617-250-5773 



& 1ND NUMBER 
10426 



□ PHASE, QPHASE2 0PKASE3 



1 BtHND*f02£> ""WinONS (21 CFR Part 6OT) referred} 




□ RH^)NSeTOCUNJCWLHOU> 
^SAFETY REPORT^ . 

Q iwmALwin^ report 



QaNNUAL REPORT 
0OIWBR 



a 





|CfXtA18tNDAxa> RECEIPT 



00R RECEIPT STAMP 



FOB FDA USE OMv 



t^bvwsa)nioMis<asoi£ie. 



°MSJ0N ASSIGNMENT: 



*ND NUMBER ASSIGNED; 
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12. CONTENTS OF APPLICATION 

TWsappttait^co^ (Check aB that apply) 

J0 1. Form FDA 1571 [21 CFR 31223(a)(1)] . 
□ 2, Tabteof Contents^/ <^3ya^^^y ; 
Q a Introductory statesnertt [21 CFR 31223(a)(3)] 

I □ a Protocols) GRR 31223(a)(6)] 

□ a. Stud/ protocof(s) /2f CRF? 31223(a)(6)] 

□ b. Investigator data f2f CFR31223(aX6XBQfl>)] or completed Form(s) FDA 1572 

Qa Fac3ifies(teta/2/ CW3f^^f^^^ 

<L InstitutkMiaJ Review Board data/2/ CFR 31223(a)(6)(S)(b)] or completed Fbrm(s) FDA 1572 
[0 7.Ctemtstry,mantto 

□ Erwirorcnental assessment or claim forexau^l21 (^31223(a)(7)(h^(e)] 
G3 a Pfiamtacology andtodootogyd^ta [21 CFR 31223(a)(8)] 

[ D 9. Previous human experience [21 CFR 31223(a)(9)] 

1 CFR 31223(^10)] 



13. tSAHY PARTOF THE CUhRCALSTUDY TO BECOWOUCTED BT ACOMTOACT RESEARCH ORGANIZATION? gjYES Qno 

IFYE$,Wttl.ANrSP0WSORO8IJ^ f/^YES QnO 

.' Y^S. ATTACH A STATESgMT CQNTAtMNG TOENAME AND ADDRESS OFTHECOOTRAGTReSEARCH OBGAN^ATION. 

IIWcoTIGATiuNS 

Patrick Horn. MD^PttD, 
Sr. Medtcd Director. Oysax Corp. 



I 15 - S^^^?^^^ 01 " ^ P& ^ SO! ^^ RESPONSIBLE FOR REVTEWAND EVALUATION OF INFORMATION RELEVANT TO THE 
BB Puttrnan, MJX. Ph JX 

B^cutrve Vk» ftesklen^ 



L^f?®^ receipt of the INDimless i receive earner notification bv 

i ^,!^ snicBes may begin. I also ag«* not to begm^ continue 

K^^S^^^S^ 0 f^^^Jn^^ contfnutng review and approval of each of me studies in the 
SSS^nte^ mves«rjalion. I agree to conduct the investigation hi accordance with ail other applicable regulatory 



neT«AREoF^ ~ 

1 RaPRESBnATTVE 

1 rfedfeDWUteua 

I Senior Director of Regulatory Affairs • 


17. SIGNATURE OF SPONSOR OR SPONSOR'S AUTHORIZED | 
REPRESBrTATWE y\ * 1 


| tti ADDRESS (Ntsmtiez Stooe^Cfy. State and Zip Cote) 


19.TEt£PHOfT£NUi^R 


20. DATE I 


I DyaxCorp. 


- (tnchsds Area Cede) 


06/13/2008 I 


1 300 Technology Square 




I Cambridge, MA 02139 


617-250-5773 





|(WARtflNG: A»@ufr felsestatememisacrg^^ U-SXXTitte 18, Sea 10014 



<^aspecfofteco8eeSonofif^^ * 



or any 



g^g^l Heafe^Human Servfces Department of Hoalftantf Human Services 

^odm^Mmr^taOori Food and OrtgAdnrtnistratJon 7Vnag»K^r^ndtcond^of ^wnsor.anda 

| QBrw yoaig&atoalfonamf Research (HHM43) CenteforBratogteBfaluafanand person fcf*o*tfeo^ed to respor^ 

Ce^OoaRmntRoom - 1401 Rockvffle P9ce tftofomationunfe^ 

5901-8 Ansnentfale Road Rocky®* MD 20852-1448 OMB .control number." 

[ PC "^ W *"^<™ FteaseDOr^REnmNthfeappficatto 



FORM FDA 1571(4/06) 
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300 Technology Square 
Cambridge, MA 02139 
_ „ phone (617)225-2500 

DyaxCorp. fax (617)225^2501 D]faX 



13June2008 — - ^#10426,^193 

Badrul Chowdhury, M.D., Ph.D. 

Division of Pulmonary and Allergy Products 

Center for Drug Evaluation and Research 

Food and Drug Administration 

Therapeutic Biological Products Document Room 

5901 -B Ammendale Road 

Beltsvaie, MD 20705-1266 

Re: DX-88 (ecaflantide) for Treatment of Angioetf ema 
Re-submission of documentation 
Letter of Authorization to Cross-Reference IND 10426 

Dear Dr. Chowdhury: 

We are re^bmitting information that was previously submitted to the Agency 

2^ ?S? l^S 9 "** duetoan 'ND transfer to a hew s^S 

*e Sponsor of INDs for DX-88 (ecallantide) to two 

'* S^io 1 ^ 32 f ° r ? 6 fedUGtion of b,ood ,oss for P^ents undergoing 
tta^ 388 SUr9ery « Med ^ imaging^ 

MD*1^^ ° f ^ "^ver. transfemng sponsorship of 

HMD 10232 to Cubist Pharmaceuticals, effective June 16 2008 Due to V 
tansfef of IND 10232, Dyax is resubmitting aO Quality and Norrclinical (NC) 
^f^^^ s P^ u ^^^toim 10232 and cro^refer^d 
25? 1— H ? omiatlon In *• submission^ entirely duplicaUve to 
prior submissions and is provided for the purpose of ensuring that documentation 
P^usly submitted to only IND 10232 is now directly^rrSloiND 

Afeo attached is a letter of authorization to cross-reference IND 10426 on behalf 
of submissions made by Cubist Pharmaceuticals in association with IND. 10232. 
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IND if 10426, Serial 193 
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As agreed with the IND project manager, Akflah Green, only 1 copy of this 
submission is provided because there is no new information for review. The 
attached table of contents lists the documentation included in the current re- 
submission. 

Future Quality and NG submissions in support of the HAE program will be fulhr 
submitted to IND 10426. 1 

Please contact me by telephone at 617-250-5773 or by email at 
ndauteml@dyax.com or AureBe Grienenberger at 617-250-5762 or by email at 
acfnenenbepqer® dyax.com if you need any additional information or require any 
clarification. . - . 



Sincerely, 




Nicole D7 
Senior Director of Regulatory Affairs 

Submitted in triplicate 
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• 300 Technology Square 
Cambridge, MA 02139 

VyaxCorp. fax (617)225-2501 




13 June 2008 



Badrul Chowdhury, M.D., Ph.D. 

Drvision of Pulmonary and Allergy Products 

Centerfor Drug Evaluation and Research 

Food and Drug Administration 

J^erapeutfc Biological Products Document Room 

5901-B Ammendale Road 

BeUsville, MD 20705-1266 

fte: Letter of Authorhsafion to Cross Reference IND 10426 
Dear Dr. Chowdhury: 

IND 10426 is cur^taS u^oge ^ SUbm,SS,ons Wed b V Cubfe* Pharmacetificafc 

Reference: IND 10426 

Authorization on behalf of:. Cubist Pharmaceuticals. Inc. 

65 Hayden Ave 
p Lexington, MA 02421 

. DX-88 (ecallantkte) 

Applet™ type: IND brother regulatory submissions for ecaRantide 

needany addmonJinfo^^ 
Sincerely, 

NicoleK/OrW 

Senior Director of Regulatory Affairs 
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In re U.S. Patent No.: 7,276,48(; Attorney Docket No.: D2033- ,812 US/10280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: Dyax Corp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 



Attachment M 

Letter from FDA acknowledging receipt of the final submission of the BLA 




ATTACHMENT M 



H»dandt)n«A4irtnlsti^r 
R«*viBe.MD 20857 



OorSTN: BL 125277/0 

*>yaxG»pofatioii 
300 Technology Square 



BI^ ACKNOWLEDGEMENT 



Attention: Nicole D'Auteuil OCT 29 2008 

Senior-Director, Regulatory Affairs . . 

Bear Ms. D'Auteuil: 

N^ofBiah^^^^ KAIBnx>R (eC anantide)li^on 

^ of Application : September 23, 2008 
Da«eofKece^fc September 23, 2008 
OtoS6bmBd«a TracWngNa^ 

Fbod and Brag Administration 
^^rfeDragEvafaation and Research 
5901-B AmmendaleRoad 
BeKsvffle, MD 20705-1266 



RECEIVED BY 
REGULATORY 

SIGNATURE 




*age2-BL 125277/0 



Shwing abound ^ii^^ ^^?f ^ Z?*^ * sMvcd - 
suteSoZ ym I* t>p ^^^<iWanadvme impact on^ 



If you have any questions, call me at (301) 796-1230. 

Sincerely, 





.Colette Jackson 
Regulatory Health Project Manager 

^aonofPutoonaryind Allergy tracts 
Office of Drag Evaluation II 

Center for Drug Evaluation and Research 





VRML 



H)«Miiiii*/ii,,«,ia,»,B l a4iuiiifc)»f,y t | ttl jj 



J 

"I 



In re U.S. Patent No.: 7,276,480 i Attorney Docket No.: D2033- ;i2 US/10280- 

Issued: October 2, 2007 094003 
Inventors: Robert C. Ladner and Arthur C. Ley 
Assignee: DyaxCorp. 

Title: PREVENTION AND REDUCTION OF BLOOD LOSS 
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Certification of Copies of Application Papers 



